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CAST STEEL 
PORT CAPACITY 








New Forged Steel Globe Type Valve 
Body Now Standard with Masoneilan 





Percentage Piston Control Valve 





The wide flow range with equal percent- 
age flow characteristics of the Masoneilan 
Percentage Piston control valve has been 
incorporated ina FORGED STEEL GLOBE 
TYPE body of improved design. 


The new design features: 


1. BOLTED BONNET construction fa- 
cilitates disassembly and provides a flange 
between body and bonnet. 


2. INCREASED BODY CAPACITY is. 


made possible by a new design permitting 
an increase in size of body ports. For in- 
stance, the port area of the *4’’ body has 
been increased approximately 70% over 
that of the conventional globe forged steel 
body. This removes the limitations hereto- 
fore applying to the allowable maximum 
trim size, permits the maintenance of flow 
characteristics throughout the range of flow 
and reduces flow disturbance. 


FORGED STEEL 
TOUGHNESS 


3. FORGED STEEL, used in both the 
body and bonnet, provides a dense homo- 
geneous grain structure which is tougher 
than cast steel and eliminates porosity. 


4. ELIMINATION OF BLINDHEAD 
FLANGE for simplicity of construction. 


SERVICE — Recommended for use on 
steam, water, gas, general refinery and 
chemical applications. 


STANDARD SPECIFICATIONS — Fur- 
nished with 34" and 1” tops and an ASA 
rating of 600 lb. Air-fin bonnet. recom- 
mended when flowing temperatures ex- 
ceed 450°F. 


TRIM — Trim sizes are 14", 14”, 3%”, 
lo" and 34"; and all sizes are interchange- 
able. Piston, seat ring, stem and stuffing 
box parts are (18-8) stainless steel. 


MASON-NEILAN REGULATOR COMPANY 


1182 ADAMS STREET, BOSTON, MASSACHUSETTS, U.S. A. 





ESE 
MASONEILAN 
a 
New York Philadelphia Pittsburgh Cleveland Chicago Tulsa 
Aclanta St. Louis Houston Los Angeles San Francisco 


Mason Regulator Co. of Canada, Ltd., Montreal, Canada 
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THE LOOK Box 








i IS evident that the bickering within'UNR 
revolves around a determination to assure sources 
of oil. The new items mention Iran with Russia 
contending for a dominant role in the affairs of a 

small nation whose holding in oil 


The Reach‘ /a@'ge. 
This effort can be estimated only 
For Oil as an oil grab when it is realized 


that Russia itself is credited with 
more undeveloped petroleum reserves than any 
other nation, perhaps as much as that lying around 
the rim of the Caribbean and the Gulf of Mexico. 
Still the “curtain of steel,” to borrow a term from 
Churchill, has been pulled down between Rouma- 
nia and the rest of Europe and the oil fields of this 
little light-opera nation are the subject of diplo- 
matic conversation behind the curtain. 

Now the Russian type of diplomacy has reached 
toward the Indian Ocean, and in its crook are the 
petroleum reserves of what the old history books 
labeled Persia. Thus the rich undeveloped reserves 
of Russia itself have been bolstered by reserves 
already developed, having had the benefit of engi- 
neering knowledge of the United States and the 
capital of this country, England and France. 

This is no effort to reveal the objective in Rus- 
sian diplomacy. It seems evident, in the light of 
what has happened, that the additional oil reserves 
thus brought under Russian influence will not be 
permitted free flow in world commerce. The Rus- 
sian economy is all for Russia, and it seems certain 
that part of the economy of adjoining nations will 
be in part if not all for Russia. 


Unfortunately we find that attitude in other 
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nations, although no other: has matched the Rus- 
sians in ringing down the curtain and extending 
the strong arm. These concepts of economy are 
unfortunate. They are a preparation for a strife 
which they foster. 

If men in political circles could enlarge their 
vision to match that of the men of commerce the 
world would move away from war rather than 
toward it. The commerce of the world should be 
developed for the benefit of the human beings who 
live in the world. In this development men would 
learn how to live peacefully together. They would 
benefit in better living conditions by having more 
goods. And being dependent on each other for 
goods and services the tendency toward bickering 
would decrease. 


LU wecnettncitines men have accepted the 
proposition that a man is entitled to a job without 
questioning what shall be produced through the 
job. This failure results in a satisfaction of things 
accomplished when jobs are set up by 
edict. In a job a man draws wages, 
which are pleasing to him. If his work 
produces nothing useful, the job can 
continue only by subsidy. So long as 
government can support unessential production 
the jobs will last. 

An estimate of the fallacy recently was expressed 
by Robert R. Wason, president, National Associa- 
tion of Manufacturers, with: 

“Jobs can’t be made by blowing a whistle. Tools 
must be hired before men can be employed. All 
the risks of loss must be taken by those who ven- 
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Nine years ago, this big food processing firm looked at a heating 
problem . . . thought of the future . . . and installed a Dowtherm 
unit. Their foresight has been paying them dividends ever since in 
dependable, accurate heating service. 


This particular Dowtherm system is used for deodorizing vegetable 
oils at temperatures of 500° to 550° F. . . . a job well suited to Dow- 
therm’s precise control and low pressure operating characteristics. 
The unit is gas fired, entirely automatic in operation. It has been a 
good investment. A recent letter from the superintendent of the plant 
tells of the steady and satisfactory service this installation is still 


giving after years of operation. 


A record like this will be no surprise to hundreds of other satisfied 


Dowtherm users. Dowtherm vapor heating covers the range of pro- 
wane 


cessing temperatures from 300° to 725° F., with pressure require- 


ments not exceeding 110 lbs. per sq. in. gauge. With its simplicity of 
operation, low maintenance requirements, and accuracy of control, 
it is handling difficult heating problems for many industries. 


Dowtherm may bring speedier production, reduced upkeep costs, 
and greater product uniformity to your processing operations. Just 
drop a line to Dow for further information. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York . Boston . Philade!phia . Washington . Cleveland . Detroit 
Chicago . St. Louis . Houston . San Francisco . Los Angeles . Seattle 
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ture their savings. The greatest contribution in- 
dustry can make to the nation is to turn out goods. 
A ‘busted’ business provides neither goods nor 
jobs.” 

He was speaking of the system known as pri- 
vate enterprise, in which men get jobs whose 
objective is making goods that will sell at a profit. 


Tliis sort of enterprise perpetuates itself by selling © 


its goods at a profit. 
Jobs by edict will last only so long as taxes or 
berrowing can support non-profitable enterprise. 


a in excess of 800 for the Silver 
Anniversary convention of the Natural Gasoline 
Association of America must have taxed the im- 
agination of more than one man. The association 

is young, consequently many of 
More Than tose at Dallas in April also had 
been present at the formation of 
the organization. | 

At that time few, if any, would 
have given attention to predictions of a meeting 
with registration to match that just recorded. 
Natural gasoline and its attendant technology are 
growing up. 

Now it requires no tax on the imagination to 
contemplate a meeting with a registration exceed- 
ing 1000. In fact assurance of ample hotel facilities 
would stimulate attendance to around that figure. 


Expected 


Resrricrions in the use of lead seemed so 
plausible upon learning that the 500,000 tons of 
metallic lead commonly produced in Europe could 
not be expected this year that it was hardly believ- 

able that further pursuit of the situa- 
Holding tion in lead would uncover another 
trail to the door of OPA, First let 
The Line it be admitted that the shortage of 

lead is worldwide and results from 
several causes. 

But OPA has a price ceiling of 6% cents a 
pound on common lead with a subsidy for mar- 
ginal mines. Mine owners fear the subsidy, since 
it is subject to cancellation on short notice. An- 
other immediate source is by stimulating scrap 
collection, wherein there are other OPA price 
ceilings. 

The Civilian Production Administration sug- 


gested that Ethyl Corporation negotiate toll agree- 
ments with secondary smelters on a basis to cover 
extra processing costs for scrap recovery. Such an 
agreement was negotiated early this year and sub- 
mitted to OPA for approval. In denying the re- 
quest the reason given was: 

“Tt would result in an evasion of our regulations 
and would be contrary to principles of effective 
price control.” ' 

This despite the Ethyl Corporation had stipu- 
lated that no increase in the selling price of 
tetraethyl lead would result. 

Result—OPA still retains its regulations and 
principles of price control—the refiner without 
access to catalytically cracked base stock is at a 
disadvantage—the user of gasoline soon will burn 
an inferior fuel: 

No wonder men in the oil industry agree with 
J. Howard Pew: 

“Some who see through the propaganda have 
been intimidated by OPA into silence, or they 
have been encouraged to hold their tongues by 
implied promises from that agency that their par- 
ticular interests will be served. Still others have 
withheld speaking out what is in their hearts be- 
cause they do not wish to be the target of Mr. 
Chester Bowles’ name-calling and denunciation.” 


|: the weight required of a machine 

for producing atomic energy is excessive, Arthur 

H. Compton, chancellor of Washington University, 

St. Louis, does not anticipate early use of this 
power for the automobile. 


Weighty | Furthermore he gives an encourag- 
ing analysis of the prospect for using 
Subject this energy for large stationary power 


source such as electric plants on the 
score of the danger. Fear of explosion has been 
expressed along with hope of this use of power 
to quote: 

“Explosions such as destroyed Hiroshima can 
not occur accidentally. Such explosions must be 
carefully planned.” 

Where installations for power sources are de- 
signed and directed for uses different from the 
explosions, he says, explosions will be “practically 
negligible if the plants are designed and handled 
by competent engineers.” 
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Here's a line-up that assures a high score in output 
volume. Elliott turbines — hundreds of them — drive the 
main process pumps and other important equipment at 
a western ‘‘cat-cracker”’ plant. It’s one more of the many 
cases where an important refinery standardizes on tough, 
trouble-free Elliott turbines for responsible tasks. 


You can count on these smooth-running turbines to set 
new high performance standards on the most, difficult 
drives. You can count on Elliott turbine engineers to con- 
stantly seek to improve them too, wherever improvement 
is possible. 

There's a broad range of these Elliott mechanical drive 
turbines ready to serve you on many diversified applica- 
tions. Consult Elliott engineers on your specific needs. 
Write for the latest bulletins. 


N PRINCIPAL CITIE 
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Industrial Use of 


Petroleum Waxes 


JOHN C. DEAN 


Socony-Vacuum Oil Company, Incorporated 


EE waxes of animal 
and vegetable origin have been 
employed for centuries in the 
manufacture and finishing of a 
variety of articles. Very early han- 
dicraft shows the use of these 
products as decorative protective 
coatings. Later when craftsmen 
began the manufacture of more 
useful articles it was found that 
these natural waxes could be em- 
ployed advantageously to impart 
waterproofness as well. 

The use of natural waxes was 
continued for many centuries and 
they were not replaced until 60 or 
70 years ago when it was found 
that one of the constituents of pe- 
troleum was of a waxy nature. 
This product, which is now 
known as paraffin was obtained 
from some of the original Penn- 
sylvania crude oils. As production 
increased, the use of paraffin wax 
was extended and it replaced nat- 
ural waxes for many uses. Two 
reasons were mainly responsible 
for this change—paraffin wax is 
cheaper and is more readily avail- 
able. 

Microcrystalline waxes are of 
more recent origin. They were 
probably first produced by Vac- 
uum Oil Company about 20 years 
ago when it was found that the unctuous material 
known as petrolatum could be converted to a harder 
and more waxy product. This. was an important de- 
velopment because it served as an outlet for the crude 
petrolatum which was a drug on the market at that 
time. Microcrystalline waxes now supplement paraf- 
fin waxes in many applications, and in addition their 
utility has been widely extended so that many new 
uses for petroleum have been developed. 


Production 

Few people realize the magnitude of the production 
of petroleum waxes. Paraffin wax is seen every day 
in one form or another, but it is often hard to realize 
that production in the United States alone is over 
700,000,000 pounds annually. 

Microcrystalline waxes, which are newcomers on 
the market, are manufactured in more modest quan- 
tities, with production currently amounting to about 
140,000,000 pounds annually. This latter figure is 
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Removing wax from the press in Socony-Vacuum Oil Company refinery at Paulsboro, New Jersey. 


phenomenal when it is realized that production five 
years ago was probably less than 20,000,000 pounds 
per year. This sizeable increase is due to wartime uses 
which will be described in greater detail in the course 
of this discussion. : 

Paraffin Waxes 

Paraffin waxes are white, relatively hard, translu- 
cent solids. They are crystalline in nature and can be 
fractured readily. Depending upon their grades, par- 
affin waxes melt from 110 to 150° F., and become very 
fluid after they have been melted. 

Paraffin waxes are supplied in two grades which 
differ from one another largely with respect to the 
degree of refining to which they have been subjected. 
The more important are fully-refined waxes, which 
as the term indicates, have been carefully manufac- 
tured, and are put on the market with less than 0.5 
percent oil content. The second type of paraffin wax 
is known as crude scale wax and generally contains 
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between 1 and 3 percent of oil. The presence of this oil 
- detracts from the hardness and strength of the wax, 
and generally lowers its quality. As a result, crude 
scale waxes usually are less expensive than fully-re- 
fined waxes of the same melting point. 


Microcrystalline Waxes 


Microcrystalline waxes are solid amorphous- 
appearing materials ranging in color from white, 
through lemon yellow and tan, to brown. While to 
the naked eye they seem noncrystalline, they actually 
possess a definite crystal structure when inspected 
with a microscope. This fact accounts for the designa- 
tion, “microcrystalline.” 

Microcrystalline waxes are extremely tough, are 
flexible at low temperatures, and possess a noticeable 
adhesiveness. They are manufactured in grades melt- 
ing from 145 to 190° F. Like paraffin waxes they be- 
come fluid after they are melted, but the viscosity in 
the molten condition is greater than that of paraffin 
wax. Microcrystalline waxes are related to refined 
paraffin waxes as well as to heavy lubricating stocks. 
The kinship to paraffin wax is one of similar paraf- 
finic nature, whereas to lubricating oils it is one of a 


comparable boiling range and viscosity. Microcrystal-” 


line waxes. are, therefore, paratiinic waxes, but are 
much higher boiling than refined paraffin waxes. 


Uses in Wax-Treated Papers 


Approximately 80 percent of the production of pe- 
troleum waxes is used for the treatment of paper. The 
value of this treatment is that it provides paper with 
waxy coatings or impregnations which resist the 
passage of water or water vapor. Paper consists of 
countless cellulose fibres felted together and bonded 
with an adhesive such as resin and alum. As a result, 
there is a continuous contact of cellulose to cellulose 
throughout the paper sheet with minute openings be- 
tween the individual fibres. When water passes 
through a sheet of paper, it does so largely through 
these openings rather than along or through the fibres 
themselves. Therefore, a paper can be made water- 
tight by filling these openings with a material which 
is impervious to water. 

Water vapor on the other hand can be transmitted 
by cellulose fibres as well as through the openings 
between them. In, order to render a sheet of paper 
resistant to the passage of water vapor, it is necessary 
to provide a continuous film of a vapor-impervious 
material which completely covers the cellulose fibres 
of the sheet as well as those which protrude above its 
surface. If the surface fibres or “fuzz” are not coated 
they can serve as wicks to absorb moisture from a 
humid atmosphere on one side of the paper and carry 
it along a chain of cellulose fibres-.to the other side 
where it can be given off to a less humid atmosphere. 

These fundamentals are responsible for the fact that 
three basic types of wax treated paper are made today. 
These papers may be classed as wet-waxed paper, 
dry-waxed paper, and laminated paper. 


Wet-Waxed Papers 

Wet-waxed papers are those which have continu- 
ous wax films on their surfaces. They are manufac- 
tured by applying a heavy film of wax, and immedi- 
ately setting this film on the surface. Absorption into 
the paper is prevented either by passing the waxed 
sheet through a bath of cold water, or by chilling it 
with a cold roll. These papers sometimes contain as 
much wax as the base paper stock. 

The most important characteristic of a wet-waxed 
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paper is that it possesses a truly continuous coating 
of wax. This film covers the surface paper fibres com- 
pletely and prevents them from absorbing moisture 
from the surrounding atmosphere. These papers are 
used where moisture-vapor-proofness is required. 

A great variety of wet-waxed papers are produced 
by industry. This is because these papers are ex- 
tremely moisture-vaporproof and therefore have 
greater utility in all types of packaging. The com- 
monest wet-waxed paper, and the one produced in 
greatest volume, is bread-wrapping paper. Similiar 
sheets are those used for candy wraps, and in the in- 
terior and on the exterior of cracker and cereal boxes. 
Practically all of these-papers have been produced by 
the cold-water method of chilling and are therefore 
very lustrous in appearance. 

A limited number of paperboard articles are also 
wet-waxed. Those which are most commonly encoun- 
tered are butter cartons and frozen-food boxes, both 
of which are generally treated after the boxes have 
been printed and cut to shape. In addition, heavier 
paperboard, such as is used in corrugated cartons is 
often wet-waxed, but generally on one side only. This 
waxing can be accomplished by passage through 
squeeze rolls, one of which runs in a wax bath so that 
the wax is applied only on the underside of the board. 

Fully-refined wax is the most commonly used 
coating for wet-waxed papers, but in many applica- 
tions it falls down because of its inherent brittleness. 
This is particularly pronounced at low temperatures 
where it becomes fragile, and where the wax film 
can be broken quite easily. Any break in the wax film 
exposes paper fibres which are free to absorb water 
vapor. Microcrystalline waxes are especially useful in 
overcoming this deficiency of the paraffins, since 
when they are blended with paraffin wax they im- 
part a portion of their flexibility to the mixture. The 
increase in ductility is roughly proportional to the 
quantity used. 

There are a number of applications where such an 
improvement in flexibility of the wax coating is es- 
sential. The packaging of frozen foods is probably 
the one which will be of greatest importance. Food- 
stuffs so packaged must be handled at temperatures 
as low as 0° F. and must be continuously protected 
against loss of moisture. If straight paraffin waxes 
are to be used for coating paper or packages for these 
frozen foods, the wax films on them will be subject 
to fracture and their protective action will be lost. 
Blends containing 25 percent of microcrystalline 
waxes are far superior to straight paraffin waxes for 
this purpose. 
Dry-Waxed Papers 


When waxed papers are so treated that relatively 
little wax remains on their surfaces, they are termed 
“dry-waxed.” These sheets are prepared by processes 
which cause a controlled amount of wax to become 
impregnated into them, and which eliminate surface 
wax to a large degree. Since paper can absorb only 
about 20 percent of its weight of impregnant, dry- 
waxed sheets seldom carry more than this quantity 
of wax. 

The fundamental characteristic of dry-waxed 
papers is that they do not possess continuous films 
of wax. Paper fibres which protrude above the 
surface are not completely coated and are free to 
absorb moisture which can be carried through the 
sheet by the cellulose fibres. Such papers cannot be 
employed where moisture- vaporproofness is essential. 
Dry-waxed papers however are waterproof, for prac- 
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tical purposes, since wax has filled the openings be- 
tween the fibres through which water would pass. 

As with wet-waxed papers, there is also a great 
variety in the types of dry-waxed papers which are 
produced today. These papers are employed where 
there is no requirement for moisture- vaporproofness, 
and where the only need is for resistance to water. 
Typical examples are delicatessen papers, drinking 
cup stock and waterproof bag papers. These grades 
represent a fairly wide variation in the type of base 
stock which is being treated, and indicate that prac- 
tically any sheet of paper or paperboard can be dry- 
waxed with suitable equipment and with carefully 
adjusted operating conditions. 

Dry-waxed papers are most commonly made with 
either fully refined waxes or crude scale waxes. Since 
thé wax in the paper does not exist as a continuous 
“wax film there is little advantage in the use of micro- 
efystalline waxes. Furthermore the wax is so firmly 
supported by paper fibres that cracks or breaks in it 
are not apt to be formed during rough handling or 
exposure to low temperatures. In most instances 
therefore service conditions are not severe enough to 
warrant the use of microcrystalline waxes. 


Greaseproof Papers 


The passage of grease through paper is generally 
through the openings between the paper fibres and 
is not along the fibres themselves. Obviously the 
most grease-resistant sheets are those which con- 
sist of a continuous film of cellulose such as cello- 
phane or glassine paper, but other papers can ap- 
proach these grease-resistant sheets if they are im- 
pregnated with an oil-resistant substance. 

If a sheet is thoroughly impregnated with a slightly 
oil-soluble material, grease, fat or oil can pass through 
the paper only after it has dissolved enough of it to 
develop openings between the fibres. Obviously, 
therefore, products which are the least soluble in 
these non-aqueous substances will be most effective 
for greaseproofing purposes. Microcrystalline waxes 
are materials which are only limitedly soluble in oils, 
fats and greases, and hence are useful as grease- 
proofing agents. The solubilities of petroleum waxes 
in fats and oils are directly related to their melting 
points. For example, a wax melting at 133° F. is only 
half as soluble as one melting at 125° F. When the 
melting point is increased to the microcrystalline wax 
range the difference is even more pronounced. A wax 
melting at 165°F. has only one twentieth the solu- 
bility of one melting at 133° F. This disproportionate 
effect of melting point permits a fairly greaseproof 
paper to be produced with conventional microcrystal- 
line waxes. 

Laminated Papers 


Laminated papers consist of two or more layers 
of paper bonded together with an adhesive. When 
wax is used as the binder it also serves as a 
moisture- vaporproof barrier. These papers are pre- 
pared by applying the wax to one of the sheets and 
combining the second with it by means of press or 
squeeze rolls under controlled conditions. 

Laminated papers are useful because two entirely 
different sheets may be used simultaneously and ad- 
vantage taken of the characteristics of each. For 
example, a moistureproof and greaseproof boxboard 
can be produced by laminating glassine paper to chip- 
board with a microcrystalline wax. The chipboard 
supplies the structural strength, the wax the moisture- 
vaporproofness, and the glassine the greaseproofness. 
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Because of their unique construction, laminated 
papers have many of the advantages of both wet- and 
dry-waxed papers. A continuous wax barrier is 
present, as is the case with wet-waxed paper, yet the 
wax film is protected on each side so that its con- 
tinuity cannot be destroyed by careless handling or 
scratching. 
The wax employed in laminating plays a dual roll. 


It provides the moistureproof barrier and also serves . 


as the binder for the layers of paper. Even paraffin 
waxes would provide a satisfactory barrier, but these 
waxes do not possess adequate adhesiveness; and as 
already stated, they are not sufficiently flexible to 
maintain a continuous wax film. Microcrystalline 
waxes are particularly suitable for laminating be- 
cause they are adhesive substances, and because they 
are plastic and flexible. 

Many combinations of paper and laminating agents 
are possible, but all may be grouped roughly into 
two basic classifications. The first group is com- 
posed almost entirely of transparent or translucent 
papers such as glassine. These grades are used largely 
for the packaging of foodstuffs, particularly where 
their transparency is needed to permit an inspection 
of the contents of the packages. 

The second group is more diversified and comprises 
papers made by laminating either glassine or parch- 
ment to such sheets as paperboard, or kraft and sulfite 
papers. These products are employed in many pack- 
ages such as coffee bags, doughnut and cracker boxes, 
paper cans, wrappers for: paperboard cartons and 
certain meat wraps. 

Uses in Paper Packaging 

One of the most evident results of the recent war 
economy has been the change which has taken place 
in the packaging field. Shortages of tin and steel re- 
sulted in their elimination from all but those packages 
where their use was a vital necessity. One phase of 
this change was the widespread use of paper packages 
for many items formerly packed only in metal or 
glass. The packaging and paper industries cooperated 
to fill this unprecedented demand, and many unusual 
containers resulted. 

Certain packages, notably paper milk bottles and 
containers for some foodstuffs, are waxed prior to 
filling. This is accomplished by immersing a carton, 
the bottom of which is usually glued, into a wax 
bath, allowing it to fill, emptying the wax from it, 
and permitting it to drain. 

More commonly, wax is applied to paper packages 
after they have been filled and sealed. This method 
may be used for dry materials, and is preferable for 
several reasons. Since the package is glued before 
waxing, it is stronger mechanically. Waxing is gen- 
erally the last operation, and handling of the waxed 


package is held to a minimum, thus reducing the. 


possibility of marring the wax film. Finally, this type 
of package does not depend upon a separate sealing 
operation to insure a continuous wax film. 

Two basic methods of applying the wax are in 
>ommon use. One is by passing the carton under a 
shower of molten wax, and the other is by dipping 
the carton into a wax bath. The shower method is 
generally more complicated, and has the disadvantage 
of aerating the wax, which is conducive to oxidation. 

The dipping method, therefore, is most widely used, 
but the modifications of it. are numerous. Two gen- 
eral means of dipping are employed. In the first, or 
complete-dip method, the entire package is sub- 
merged, removed and allowed to drain and cool. In 
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the second, or partial-dip method, only a portion of 
the package is coated with each immersion. After the 
first dipping and cooling the package is inverted and 
the uncoated portion is dipped. This immersion is so 
controlled that a slight overlap of the two coats is 
obtained. 

Paraffin-type waxes, mainly fully-refined waxes, 
are desirable as coating materials due chiefly to their 
hard dry nature. However, for many applications they 
are unsuitable because of their brittleness and of 
limitations in melting point. The former adverse 
characteristic is most pronounced at low tempera- 
tures, or where rough handling is encountered. 

Microcrystalline waxes owe their usefulness to 
their flexibility and their higher melting point. The 
main drawback to their use alone is their tackiness at 
ordinary temperatures. 

It is evident, however, that the advantages of one 
type may be used to counteract the disadvantages of 
the other, hence the usefulness of a blend. Usually 
blends are prepared containing up to 50-60 percent 
of microcrystalline wax, but the exact formula is 
dependent upon the properties desired to meet service 
conditions. Increased quantities of microcrystalline 
wax raise melting point and improve flexibility, but 
above 25 percent also increase tackiness and the 
tendency to block, or stick together. 


Wartime Packaging 

The necessity of shipping considerable quantities 
of ordnance materials, food and medicinal supplies 
overseas caused the wartime development of entirely 
new methods of packaging. Metal and wood were 
critically scarce so that the armed forces turned to 
the paper industry to supply the construction ma- 
terials needed on these packages. As already noted, 
paper has no particular resistance to water or 
moisture-vapor, and for that reason all paper and 
paperboard packages require protective coatings. 
Petroleum waxes supplied the greater portion of 
these, and in the case of microcrystalline waxes, this 
use consumed about 90 percent of all that was made 
in this country. A brief resume of these special 
packaging applications is both instructive and of 
interest in this connection. 

The largest quantities of microcrystalline wax were 
consumed in the ordnance-packaging program. These 
packages were designed for the overseas shipment of 

“small arms, replacement parts of all types, tools, 
and other metal articles in such a manner that they 
would not become rusted or corroded. The packages 
so produced had to be sufficiently durable to with- 
stand rough handling, exposure to the elements and 
submersion in salt water. Most of the packages were 
assembied in the following manner. The material to 
be shipped was treated with a suitable rust preven- 
etive, wrapped in a greaseproof paper and then in a 
special paper heavily coated with microcrystalline 
wax. In some cases the wrapped pieces were places in 
a paperboard box and rewrapped, but in others, they 
were handled without this supplementary treatment. 
In either case the final operation was a dipping in a 
bath of microcrystalline wax. This dip imparted. a 
very heavy film of wax which served as the main 
protective barrier against water and moisture-vapor. 

Microcrystalline waxes were chosen for this pur- 
pose because they are tough and can withstand rough 
handling, and because they possess a high degree of 
flexibility, particularly at low temperatures. These 
characteristics insured the maintenance of a con- 
tinuous moisture-vapor barrier at all times. 
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The Quartermaster Corps developed a number of 
field rations which were not opened by troops until 
they were about to be consumed. Before they arrived 
at their ultimate destination they too were subjected 
to extremely severe service conditions, and they 
therefore required a durable protective coating. A 
wide variety of substitute wax mixtures were pre- 
pared by the industry and were given approval for 
use as coating materials for these packages. How- 
ever, all of the mixture attempted to simulate the 
performance: of a blend of equal quantities of micro- 
crystalline and fully refined waxes, which was re- 
garded as the most satisfactory wax for this purpose. 

This wax blend was sufficiently tough, durable 
and flexible to maintain the necessary continuous 
wax barrier, but at the same time was dry enough 
to permit packages to be stacked or closely packed 
without excessive blocking. 


Dehydrated Foods 


Developments in the dehydration of foods were 
outstanding during the war years and this method of 
preservation was adopted for overseas shipment, 
particularly to civilians in the United Nations. The 
main advantage of shipping dehydrated materials was 
that valuable cargo space was saved. Many of the 
dehydrated foods were packaged in metal containers, 
but one—dehydrated eggs—was shipped extensively 
in paperboard packages. These packages were han- 
dled in substantially the same manner as quarter- 
master rations, and were coated with blends of 
fully-refined and microcrystalline waxes. 


Future Packaging 

The use of paper and paperboard as packaging 
materials will probably continue during the postwar 
years. Many advantages accrue from their use, in- 
cluding lighter weights and lower costs, These pack- 
ages will also require protective coatings, of which 
wax is the cheapest, most readily available and one 
of the most effective. Thus the packaging field repre- 
sents an important potential outlet for their sale. In 
addition, adequate packaging methods will be de- 
manded by the consuming public, because it has 
learned of the outstanding performance of the war 
packages. 

The future of dehydrated foods is problematical, 
but it is certain that many foods will be processed in 
this manner in the future. It is likely that they will 
be packaged in waxed-paperboard packages because 
the performance of these containers has been found 
to be adequate and economical. 

New developments are taking place in the frozen- 
food industry, many of which will require the use of 
wax-coated paper and paperboard. It is conceivable 
however that many frozen-food packages will be 
given their wax treatment after they have been filled 
and sealed. The obvious advantage of this method of 
handling is that it is a more efficient and more per- 
manent method of developing a continuous moisture- 
vaporproof barrier. 


Protective Coatings 

In general containers for shipping liquids are con- 
structed of metal, wood or glass, and frequently the 
container walls are subject to attack by their con- 
tents and require a protective coating. Lacquers have 
been used for this purpose, but microcrystalline waxes 
offer a less expensive, and often more effective means 
of accomplishing the same result. Thus, metal pack- 
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ages can be adapted for the shipping of materials 
normally requiring less durable glass. containers. 
Wooden containers can be waterproofed to prevent 
loss of moisture and to prevent deterioration. Glass 
and ceramics may be protected from etching. In some 
cases, such as in shipping hydrofluoric acid, the entire 
container may be of wax. Similarly, various metals 
may be wax coated to prevent attack by the elements. 

Composed of hydrocarbons, microcrystalline waxes 
are chemically inert. Thus, acids, alkalies, and salts 
have practically no action upon them. In addition, 
their physical structure permits the formation of a 
tough, ductile, highly waterproof coating which re- 
sists fracture during handling. 


Electrical Industry 


Microcrystalline waxes have been found useful in 
the electrical industry as protective coatings and 
impregnating compounds, the chief requirements be- 
ing maximum resistance to water and moisture-vapor, 
and high dielectric strength. These waxes are used as 
impregnating compounds for insulating materials, 
either fabric or paper, which are employed as a cover- 
ing for copper wires, and as straight coating and 
potting compounds. They have also been found to be 
satisfactory as addition agents in asphalt potting 
compounds to increase the ductility of the blend, 
particularly at low temperatures. These waxes are 
also extensively used for impregnating ceramic in- 
sulators, improving their moisture-resistance and 
electrical characteristics. 


Rubber Industry 

In the manufacture of rubber goods, microcrystal- 
line waxes can be used effectively in many com- 
pounds to provide desirable characteristics. These 
products originally were employed in the compound- 
ing of natural rubber, but have now been found to 
be: equally applicable to certain synthetic rubber com- 
pounds, particularly those containing GR-S (Buna 5). 

It is well known that when rubber articles are 
exposed to light, minute cracks and surface checks 
appear on the surface. This condition which is called 
“sun-checking” is aggravated when the rubber is 
under tension; particularly low tension. The mecha- 
nism of sun-checking is obscure, but rubber chemists 
have long known that it can be overcome by in- 
corporating small percentages (0.5 to 4 percent based 
upon the rubber content) of various waxes into the 
rubber compounds. 

The waxes are added to the natural and GR-S com 
pounds as they are being processed on the mill. At 
this point temperatures are invariably above the 
melting point of the wax, so that it becomes melted 
and is absorbed by the compound. Following vul- 
canization and cooling to ordinary temperatures, the 
wax which has been incorporated congeals and sep- 
arates physically from the vulcanizate. From then 
on it is retained only mechanically in the body of 
the article. However, because of its poor affinity, the 
wax tends to become expelled and develops a thin 
waxy film on the rubber surfaces. This phenomenon 
is often referred to as “blooming.” 

Once a continuous wax film has been produced, the 
surface of the rubber is protected against the deleteri- 
ous action of sunlight and oxygen. Hence, sun-check- 
ing is retarded. In service, the wax film may be lost 
by wear or abrasion, but after a brief interval it is 
replenished by continued exudation of wax-from the 
body of the article. Thus resistance to sunlight can 
be imparted for prolonged periods. 
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Electrotyping 


Electrotyping is a form of printing widely used 
today, which is included under the broader classifica- 
tion of “relief printing. ” In the electrotyping process 
an impression is made in a sheet of wax using a _ 
carefully prepared master plate. The wax impression 
is then made conductive with graphite and is treated 
with an aqueous solution of copper sulfate and iron 
ito form a thin coating of copper on the surface. It is 
then electrolytically plated with copper to build up a 
thin continuous copper shell having the same outline 
as the mold. Finally, the shell is stripped from the 
wax and is backed up with casting lead. The finished 
electrotype, which has the same contours as the 
master plate, is then either mounted on a block or is 
curved to fit a cylinder on a rotary press. 

For many years ozokerite was used as the standard 
molding wax for this process. Ozokerite, is a waxy 
hydrocarbon occurring ‘naturally in Austria, Galicia 
and other parts of Europe. It ranges in color from 
vellow-brown to black, and in melting point from 
about 125 to 240° F. When war broke out in Europe 
in 1939 the main sources of supply for ozokerite were 
shut off. The electrotyping industry, therefore, was 
forced to seek substitutes when existing supplies were 
consumed and a microcrystalline wax was adopted as 
the base wax by many foundries. This was a happy 
selection since this wax resembles ozokerite in phys- 
ical characteristics and in chemical composition. 

It is also a 100 percent waxy hydrocarbon and 
melts at about the same’ point as does ozokerite, e.g. 
170° F. The consistencies of the two products are 
almost identical, so that no radical changes need be 
instituted when the microcrystalline wax is used. 


Inks and Carbon Paper 

Microcrystalline waxes have been used for many 
years as ingredients for both inks and carbon paper. 
These waxes serve as toughening agents, and their 
microcrystalline character prevents the appearance of 
a grainy structure typical of inks not properly ground. 
They also improve the appearance of the sheet, in- 
creasing the depth of color. 

Microcrystalline waxes are powerful inhibitors for 
the oxidation or drying of fatty oils. Small percent- 
ages incorporated in inks containing drying oils will 
prevent too rapid surface oxidation and will cause the 
ink to dry uniformly without an impervious surface 
crust. 

Wax Preparations 

Many wax preparations are designed as polishes 
to provide a hard iustrous protective film. In general, 
fatty waxes, ozokerite, montan wax and paraffin wax 
are used for this purpose. Many of these are either 
unobtainable or high in price. Microcrystalline waxes 
have found a great number of applications for such 
preparations where they have replaced all, or at least 
a portion of other waxes. For example, these waxes 
resemble beeswax in appearance and frequently can 
be substituted directly for it. 

This particular field is too diverse to mention 
specific formulae and applications, but the charac- 
teristics of the various products usually will indicate 
their adaptability for a particular service. In general, 
it may be said that these waxes may be used to impart 
ductility, increase melting point and toughen the wax 
to increase its wearing qualities. In polishing waxes 
small amounts can be used without sacrificing hard- 
ness or lustre, provided no more than 20 percent of 


_the dry wax is replaced. 
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High Pressure Absorption 


HENRY F. WADE, 
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rsa with the development of the Natural 
Gasoline Association of America, the science of ab- 
sorption of gasoline from natural gas has come a long 
way during the past 25 years. At the time of the 
formation of the association, absorption plants were 
almost entirely low-pressure affairs, treating gas at 
pressures around 30 to 45 psig. A very few plants 
operated on gas entering some of the very earliest 
transmission lines, at pressures around 300 pounds, 
ranging up to as much as 500 pounds in one or two 
instances. Large long-distance transmission projects 
were still far in the future, so that there was no reason 
for treating gas at the high pipe line pressures which 
have now become conventional. Further than this, 
none of the deep, distillate type producing formations 
had been discovered, and if they had been it is doubt- 
ful whether anyone would have thought of processing 
the gas at really high pressures, since the idea of 
pressure maintenance or recycling was not to develop 
on any commercial scale for another 10 to 15 years. 


As time went on, the development of high-pressure 
natural-gas sources, combined with high-pressure 
transmission lines, led necessarily to the development 
of plants to process the gas at line pressure. This 
type of development culminated, as far as I know, 
in the design and construction of the Fritch, Texas, 
natural gasoline plant of Texoma Natural Gas Com- 
pany. This plant was designed for an operating 
pressure of 800 psi, at least 30 percent higher than 
any used up to that time. It was also designed for 
what was then an extraordinarily large volume of 
gas in one plant: 200 million standard cubic feet per 
day. 

The Fritch plant held its place as the highest pres- 
sure absorption plant until about 1937, which marks 
the beginning of the development of Gulf Coast dis- 
tillate production combined with reinjection of the 
stripped gas, From this time on, the absorption pres- 
sure in such plants has rapidly risen, to such an 
extent that now absorber operating pressures in the 
range of 1500 to 2000 psig are more or less an every- 
day matter. 


General Factors Affecting Absorber Pressure 


The ceiling of approximately 800 pounds absorp- 
tion pressure for pipe line plants was set by, the 
limitations in the design of the pipe lines themselves. 
Taking into account all of the factors affecting the 
manufacture of the pipe itself and its handling and 
field fabrication into a pipe line, the most economical 
answer for long lines and large quantities of gas 
dictates maximum operating pressures in the neigh- 
borhood of 800 psig. The comparatively recént devel- 
opment of absorption plants operating at pressures 
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ine natural-gasoline-extraction plants operated at 
pressures around 30 to 45 poynds. Up until development 
of high-pressure gas reserves in the Gulf Coast area and 
inauguration of the custom of reinjecting this high- 
pressure gas into the formation after processing, the 
highest operating pressure was 800 pounds. Since 1937, 
absorption pressures have risen rapidly, and 1509 to 
2000 pounds are common. Designing of plants for these 
higher pressures must make allowance for operating 
‘at lower pressures as the gas supply is being depleted. 
The accompanying discussion is based upon an operation 
taking gas at 2400 pounds well-head pressure, and 
reinjecting at 3500 pounds. 
This paper was presented before the annual meeting 
of Natural Gasoline Association of America, at Dallas, 
Texas, April 18, 1946. 











up around 200 psig has developed from the necessities 
of recycling or pressure-maintenance operations. 

Obviously it is necessary to allow some margin 
between initial producing well-head pressure and the 
absorber pressure in order to provide for pressure 
drop in the extensive gas-gathering pipe system, and 
for cooling and controlling the flow of gas before its 
entrance into the absorption system. The spread in 
pressure between the maximum producing well-head 
pressure and the absorber pressure must also be 
large enough to enable the weakest producing well 
to deliver its quota of gas into the gathering system. 
‘This requires that there must be some throttling of 
pressure at the well head on those producing wells 
which have the highest producing pressures. Finally, 
some allowance must be made for the eventual decline 
of producing well pressure which will result in time 
from the withdrawal from the formation of the gas 
volume equivalent of the liquid hydrocarbons pro- 
duced by the extraction plant, plus whatever net dry 
gas volume is permanently removed from the struc- 
ture for use as fuel at the plant and in the field opera- 
tion, or for delivery to pipe lines. 

How much of an allowance should be made for 
this unavoidable decline in pressure obviously can 
be determined only.through a study of all of the 
factors surrounding the operation of the property. 

If a relatively short life is expected, the spread 
between initial producing-well-head pressure and 
absorber pressure should be made great enough to 
permit operation of the plant for perhaps half of the 
life of the field before extensive changes will be 
required to allow operation at the depleted pressures 
which will exist toward the end of the life of the 
field. On the other hand, if the gas reserves are large 
enough to show an expected life of say 20 years or 
more, the absorber pressure should be just as close 
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to the producing pressure as satisfactory load divi- 
sion between the producing wells will permit. In a 
long-lived property the rate of pressure decline will 
be slow and there will be ample time to pay out the 
initial investment and to plan suitable plant modifica- 
tions or additions when the necessity for them arises 
through pressure decline. . 

In a typical large system of this kind the pro- 
duced gas arrives at the well heads at a pressure 
around 2400 psi. Experience in this field has shown 
that the injection pressure must be about 3500 psi 
in order to deliver a satisfactory volume back into 
the formation. The field piping system was designed 
so that the overall pressure drop from the most re- 
mote producing well into the plant is about 100 
pounds. An additional allowance of about 100 pounds 
was made for control of the individual well deliveries 
into the gathering system, so that the gas arrives 
at the plant at a pressure of about 2200 pounds, or 
200 pounds below the average well-head pressure. 
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In order to make a rea- 
sonable allowance for the 
eventual decline of the 
producing pressure, the 
absorption system was de- 
signed for an absorber op- 
erating pressure of 1800 
psig. Thus the producing 
pressure can decline 400 
pounds before it will be 
necessary to even consider 
any changes or additions 
to the plant as originally 
constructed. 


Effect of Absorber Pres- 
sure on Compressor 
Horsepower 


It is obvious that on a 

‘recycling system it is de- 

sirable to set the absorber 

pressure as high as the 

producing conditions will 

permit, in order to keep 

the compression ratio re- 

quired for injection of the 

residue gas as low as pos- 

sible. In the case of the 

recycling system just re- 

ferred to, the pressure re- 

quired on the injection gas 

at the plant headers is 

3500 pounds. With the ab- 

sorbers operating at 1800 

pounds, this corresponds 

to a compression ratio of 

1.94, requiring compressor horsepower of about 42 per 

million standard cubic feet of gas injected per 24 hours. 

Since the full-load capacity of the. plant is 210 million 

standard cubic feet per 24 hours, this calls for a total 

compressor horsepower of 8820, neglecting the effect 

of deviation on the actual horsepower requirements. 

If an absorber pressure of 2000 pounds had been 

chosen, the compression ratio would have been 1.74, 

corresponding to a compressor horsepower requite- 

ment of about 36 horsepower per million, Under this 

condition the total compressor horsepower required 

would therefore have been 5760, neglecting deviation. 

Thus the higher absorber operating pressure would 

have resulted in a saving of 1260 compressor horse- 

power, neglecting deviation. Under the assumed op- 

erating conditions the deviation would amount to 

about 15 percent, so that the actual saving would be 
about 1100 horsepower. 

This saving in compressor horsepower would have 

shown an investment saving under present installa- 
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tion costs of about $200,000. On the other hand, the 
margin allowed for field-pressure decline would have 
been reduced to only 200 pounds. This margin was 
felt to be entirely too small to give reasonable assur- 
ance of meeting all of the requirements. This feeling 
was accentuated by the fact that the boundaries of 
the field had not been entirely determined at the time 
the plant was built,.and consequently it was neces- 
sary to allow some additional margin to take care 
of the possibility that some of the later producing 
wells might show producing well-head pressures 
lower than the earlier wells. This condition would, of 
course, require a general reduction in the operating 
pressures in the field-gathering piping in order to 
permit such wells to deliver their allotment of gas. 


Effect of Absorber Pressure on Plant Cost 


During the preliminary figuring in connection with 
the recycling system discussed, a set of calculations 
was made to determine the effect on the cost of the 
gasoline plant itself of various absorber pressures. 
These figures covered the range of absorber pressure 
from 1100 tg 2000 pounds. Since the plant was re- 
quired to give a combined butané production effi 
ciency of 80 percent, the calculations were carried 
through using this butane efficiency as the criterion 
for determining the required rate of oil circulation in 
the plant. Somewhat to the surprise of the engineers 
making these calculations, it was found that the total 
plant lean-oil circulation was almost constant over 
this entire range of pressure. 

The explanation for this apparent paradox lies in 
the fact that, upon entering the top plate of the 
absorber, the lean oil almost instantaneously absorbs 
a very large amount of the residual light components 
remaining in the gas at that point. The actual figures 
showing the magnitude of this absorption are given 
later in a discussion of the absorption system in this 
plant. - 
For each mol of absorber oil entering the top of 
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the 1800-pound absorbers in the plant there is ab- 
sorbed practically instantaneously 0.91 mol of meth- 
ane, ethane and propane. The combination of absorber 
oil and components dissolved out of the gas then 
leaves the upper plate or two as a liquid with a molal 
quantity of about 191 percent of the -molal quantity 
of lean oil entering the absorber. The fact that the 
gain in mols of the absorbent is derived principally 
from the dry gas itself does not in any way affect its 
efficacy in absorbing heavier components from the 
gas in the lower plates of the absorber. 

Since the extent of this inflation of the absorber-oil 
volume is almost directly proportional to the absolute 
pressure in the absorber, it follows that, with a given 
external lean-oil-to-gas ratio, the actual internal oil- 
gas ratio increases with the pressure enough to ap- 
proximately compensate for the increase with pres- 
sure in the K factors of the heavier components which 
it is desired to extract, at least over this range of 
pressure. 

Taking normal butane as an example, and assum 
ing an effective absorber temperature of 110° F., the 
K chart values for methane and butane at 1000 
pounds and 2000 pounds are as follows: 





K Factors at 110° F. Effective Temperature 





COMPONENT At 1000 Lbs. | At2000Lbs. | Percent Change 
Methane ; 4.4 2.7 63 decrease 
Butanes 0.192 0.240 25 increase 


The K value of methane at 1000 pounds is 4.4, 
whereas it is 2.7 at 2000 pounds. Since the amount 
of methane absorbed in a given amount of absorber 
oil is, on the first approximation, inversely propor- 
tional to these K values, the top-plate absorption of 
methane at 2000 pounds would be 1.63 times its 
absorption at 1000 pounds. 

Referring now to the K values for an average 
mixture of butanes, the K at 1000 pounds is 0.192 
and at 2000 pounds 0.240. In other words, in this 
rangé of pressure the butane is behaving in the so- 
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called “retrograde” manner. Putting this another way, 
the increase in pressure reduces the relative absorba- 
bility of the butane in the inverse ratio of the K 
values. In the case of the butane K’s this change 
amounts to 25 percent. 

Putting these factors together, if the effective in- 
ternal absorber oil stream at 1000 pounds is taken as 
100 percent, the increase in the stream due to in- 
crease in pressure will make the effective internal 
stream 163 percent at 2000 pounds. However, in 
order to balance the decrease in absorbability of the 
butanes over this same pressure range, an increase in 
internal oil rate of only 25 percent would be neces- 
sary. Thus, as far as the absorption of butanes only 
is concerned the increase in pressure increases the 
internal oil rate faster than is really necessary. The 
proportionate increase in K factors is greater for the 
heavier components, and consequently the net effect 
of combining all of the factors proves to require a 
slightly higher external circulation of oil at 1000 
pounds, with a minimum at about 1400 pounds, fol- 
lowed by a gradual increase up to 2000 pounds. The 
difference between the maximum and minimum oil 
circulations required for equal butane extraction was 
less than 10 percent over the entire range between 
1000 pounds and 2000 pounds absorber pressure. 

The inflation of the lean oil entering the absorber 
through absorption of methane and ethane near the 
top plate is illustrated directly by the absorber tem- 
perature curve shown in Figure 1. This curve and the 
data accompanying it show the performance of an 
absorber in a South Texas field operating at a pres- 
sure of 1210 psig. 

Inspection of this curve shows that although the 
absorber oil enters the top of the absorber at 94° F., 
and the gas enters the bottom of the absorber at 
86° F., the temperature of the oil and gas on and 
between the upper plates rises to a maximum of 102° 
on plate No. 2, numbering from the top. The tempera- 
ture then declines more or less regularly to the 
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bottom of the absorber, where the oil and gas on the 
last plate both have a temperature of about 5° above 
the temperature of the incoming gas. 

The abrupt rise in temperature at the top of the 
absorber reflects the effect of the heat of absorption 
of the dry gas as it is dissolved in the lean oil. The 
amount of this absorption at this point is much 
greater than the absorption going on in any other 
part of the column and consequently the temperature 
produced is a maximum here. As the oil proceeds 
down through the absorber it is gradually cooled 
off by heat exchange against the relatively cool. in- 
coming gas. 

The difference in temperature between the incom- 
ing wet gas and the bottom plates reflects the absorp- 
tion by the oil of the heavier components from the 
wet gas. However, the temperature rise produced by 
this absorption is almost completely masked by the 
effect of the large absorption of methane near the 
top of the absorber. 

It is interesting to note that the general shape of 
this temperature curve is the opposite of that usually 
encountered in low-pressure absorption. At pressures 
of 300 pounds or below, methane absorption, while 
appreciable, is not enough to produce any sharp rise 
in temperature near the top of the column. In low- 
and moderate-pressure absorbers most of the heat of 
absorption is derived from the heavier or “gasoline” 
components of the wet gas. Since this absorption 
occurs largely on the first few plates above the 
bottom of the absorber, the sharp temperature rise 
takes place near the bottom and the temperature, then 
gradually declines as the gas passes upward through 
the plates to the top. 

The actual figures showing the relationship be- 
tween lean-oil, dry-gas, wet-gas and fat-oil quantities 
and compositions are shown on the accompanying 
diagram, Figure 2, of the fat-oil absorption and 
venting system in the plant under discussion. 

The wet gas (1) enters the main absorbers at a 
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pressure of 1800 psig, in the total quantity of about 
610,000 mols per 24 hours. The dry gas (2) amounts 
to 550,000 mols. The difference of 60,000 mols is made 
up of about 43,000 mols of methane and ethane dis- 
solved in the fat oil, which must be eventually re- 
moved in the venting and fractionating system, and 
17,000 mols of propane and heavier components out 
of which the production of the plant is derived. The 
absorber oil stream amounts to 53,200 mols per day, 
and is inflated almost immediately upon its entrance 
to the absorber by the total amount of methane, 
ethane and propane in the fat oil. As stated above, 
this inflation amounts to 91 percent of the molecular 
quantity of the lean oil, so that for every gallon of oil 
pumped into the absorber the absorbing effect is 
approximately doubled. 


Remove Methane and Ethane 

In order to make it possible to distill and condense 
the desired components in the fat-oil stream, it is, of 
course, necessary to largely remove the methane and 
ethane before the fat oil finally enters the distillation 
system proper. This is accomplished by passing the 
oil through a series of vent tanks represented by the 
reabsorbers indicated in Figure 2. Actually the flash- 
ing of the fat-oil stream is accomplished in a separate 
vessel outside the reabsorber shell in each case. 

The first flash tank and reabsorber operate at 600 
psig, the second at 200 pounds, and the third at about 
40 pounds. The reabsorbers are provided to control 
the loss of desired components in the stream of dry 
gas flashed out of the fat-oil stream at each pressure. 

In the plant under discussion a large part of the 
production is separated from the incoming gas after 
cooling and final pressure reduction of the gas to the 
main absorber pressure. This separated liquid con- 
tains the heavier components of the vapor from the 
formation, together with the connate water. The 
water is separated from the distillate and the distillate 
is then carried through three pressure reductions in 
the same steps as on the fat-oil stream. The gas 
vented from the distillate stream is conducted to the 
corresponding reabsorbers for extraction of desirable 
components along with the gas flashed from the fat- 
oil stream. Quantitative results from this operation 
are shown in the tables on Figure 2. 


Increased Pressure Increases Cost 

Although the investigation of the effect of absorber 
pressures between 1000 pounds and 2000 pounds 
showed only a very small difference in the external 
lean-oil rate for 80-percent butanes extraction, this 
does not mean at all that the cost of the absorption 
pliant would not be affected by the operating pres- 
sure in the main absorbers. Practically all of the 
factors affecting the cost of the absorption unit are 
increased by increasing pressure, so that the saving 
in investment resulting from the reduction of injec- 
tion-compressor horsepower through the use of a 
high absorber pressure is partially offset by the in- 
creased cost of the absorption unit. 

The two obvious factors which increase the cost 
of the absorption unit with increasing pressure are 
the increasing cost of the main absorbers with their 
associated piping, and the increase in cost of the 
high-pressure lean-oil-pumping unit. 

In addition to these direct factors, increasing the 
pressure increases the amount of vent gases which 
must be handled in the fat-oil-venting system. This 
increase in vent gases increases the quantity of re- 
absorber lean oil required to control the escape of 
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desired components in the vent gases, enlarges the 
reabsorbers, and increases the amount of recom- 
pressor horsepower required to handle the vented 
gases if no use is available for them at the reabsorber 
pressures. 

In order to arrive at the most economical design 
of the combination of plant for injection compressors, 
it is, of course, necessary to make a detailed study of 
the entire situation surrounding the operation, taking 
into account all of the factors which have been sug- 
gested in this discussion. Often this means preparing 
several complete estimates. Such estimates should 
take into account not only the initial investment but 
the probable operating and maintenance costs of the 
plant and the injection compressors. It has been our 
experience that operating and maintenance costs per 
unit of investment are higher for compressing equip- 
ment than for the average of the equipment entering 
into the absorption plant. On account of this the most 
economical answer for a long-lived project should 
lean toward those factors which tend to reduce com- 
pressor horsepower even to the extent of some degree 
of increase in the total cost of absorption plant and 
compressors. It is obvious that a definite answer to 
this problem in any particular situation is affected 
by so many factors that it is impossible to do any- 
thing but try to suggest what some of them are, as 
has been done. 


Limits on Absorber Pressure 


During the past few years there has been a good 
deal of discussion among operators and plant de- 
signers as to whether there is any practical limit to 
the maximum pressure at which an absorption plant 
can be operated. This discussion has been stimulated 
by the discovery of a few extremely high-pressure 
fields, where economics for a recycling system might 
indicate absorber pressures up around 4000 pounds. 

There does not seem to be any particular reason 
why an absorption plant could not be operated suc- 
cessfully at such a pressure, except for the fact that 
all of the equipment would be so special that its cost 
would be inordinately high. 

Another interesting factor which may put a prac- 
tical limit on absorber pressure is the so-called “retro- 
grade evaporation” of the absorber oil. Careful tests 
made on this phenomenon several years ago indicated 
that with an absorber oil having the characteristics 
listed below the loss of oil through evaporation into 
the dry gas leaving the absorber would be excessive 
at pressures much over 2000 pounds. The ol used 
in these experiments had an average molecular weight 
of 183 and an API gravity of 32.5. The initial boiling 
point was 300° F.; the 50-percent point 411° F., and 
the end-point 650° F. It was determined by fractional 
analysis that the following quantity of oil in gallons 
per thousand standard cubic feet vaporized into the 
dry gas stream at a temperature of 92° F. 
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It seems probable that the loss of the higher pres- 
sures could be very greatly reduced by using an 
absorber oil of a considerably higher average molecu- 
lar weight. However, as far as I know, no tests to 
determine this have been made under practical op- 
erating conditions. 
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Anchor Bolt 


Calculations 





S. M. JORGENSEN, Foster Wheeler Corporation 


Ax EVALUATION of stresses in anchor bolts 
and between base plate and foundation is arrived at 
by comparison with stresses in a reinforced beam sub- 
ject to an eccentric axial load in a plane of symmetry. 


Development of Formulaes 
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FIGURE 1 
Figure 1 shows the distribution of strains, The 
location of the neutral axis is found from: 
Z F, |. eee F, +n F. ' 
nS dees tc ey Te (1) 


The total compressive forces are equivalent to the 
volume which is cut off the concrete cylinder under 
the base plate between the two planes containing 
angle ©. 

The anchor bolt stresses are assumed concentrated 
in a thin cylinder of thickness t and radius equal to 
the bolt radius. The total tensile stresses are cut off 
this cylinder between the two planes containing “. 

The total volume V between the neutral axis and a 
cylinder as cut off between two planes through the 
neutral axis and containing © is found as in Figure 2: 
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FIGURE 2 
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\ => SJ" (y —e)xdy 


V=R—JS"* w—e) VR—y' dy 
/ 





- in | 
c Sil R . 


vaRoe (svi-(Z) [2+() ]—are cos €) 


7 (R? — y’)*” ey = eR’ 
v=[—- &= a ee eee 





atsail e\ e \? e 

sVi-Ge) [2+Ge) J =e 
(+) refers to a volume covering an area less or more respec- 
tively than a half circle. 


e 
arc cos R 


The moment U of volume V around the neutral 
axis is found as follows: 








2 ¢R are 
U=R— J. (yv—e)? VR y"dy 
Re W.. 2\3/2 2 R? 
U= ze {Roe — — VR'—y' == are sin 
_2e(R*? — y*)*” 2 : *y Re e’R? . y 
+ 3 "+ “3° VER r—y? + “3 are sin = | 
. f CE Pe e 13 e ) | 
U = —_ pe 2. 2 
c=¢" ( é¢ eis =($) R ) [> +( R | 
+[++(¢4) | are cos 
f 
U = Rae Re it. . Shea ce sla 2S eee (3) 


mas eV G) [P+ 
+ [+ (2) Je one 


(+=) refers to a volume covering an area less or more respec- 
tively than a half circle. 


The distance from the neutral axis to the center of 
gravity of volume V: 


os i Ae 


Ce == 
Chart 1 shows k, m and ™ plotted against different 
= | g 


value of <. Positive and negative values of = 


zr: R 2Pply 


when the area covered is less or more ite: a half 
circle respectively. 


The — 





curve-is almost a straight line. The slope 


taken from r= + 1 varies from 0.575 to 0.625 with 
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1,0 -0.8 ~0.6 -0,4 0.2 0 0.2 0.4 0, 0.8 1.0 
CHART 1 
ia te si - :, , :, 3fsksR3* 
a mean value “ 0.600. The equation for in closely -=—R, az et 
enough approximated as: Anchor bolt area: 
m ec A= 2T7tR; 
" = 0.600 ( 1— +) 27F,(Rs = e) 
k R — ao 
x or A= 3kRe cc (7) 


. , e 
arid C=0.600 {2 R wee ee (4) 
Compressive Forces—Pressure on Concrete 
According to equation (2): 
. fe 
F. — R; =e 
K; and Kg to be taken from chart 1. 


SE OEE Ds fn vice wetcisssescecben (5) 


Tensile Forces.—Anchor Bolt Stresses 


The anchor-bolt area is assumed distributed in a 
cylinder of thickness t and radius R,. The distance 
from the neutral axis to the center line is: 

a _m [R;*— (R; —t)*] 
™ k [R&— (R:—t)*] 

3y developing and eliminating all terms of t higher 

than first power: 
4m 


Cs — 3k R 
or G= 800( i— = any testi (6) 
From equation (2) 
B's fs ks _ ‘ } 
F,.= Rexe [R;* — (R; —t)*) 


which can be simplified to: 


98 {212} 


Application of Formulaes 
It is necessary to assume the radii of the anchor- 
bolt circle and the base plate. These can be approxi- 
mated by comparison with similar size tower or from 
the following rule: 


Tower slenderness ratio dia. : height....1:10 to 1:20 
Bolt circle radius = Tower dia. plus..... sé Ee 
Base plate radius = Tower dia. plus..... 6” to 12” 


The allowable stresses for steel and concrete f, and 
f. and also the ratio factor n between the modulus of 
elasticity of the two materials are generally given. 


Table 1 gives the unit stresses recommended by 
the American Conerete Institute: 





TABLE 1 
Stresses psi. 

Ultimate strength f'e. . . : | 2000 2500 | 3000 | 3750 
Ration = E, + Ee 15 12 10 | 8 
Flexure f. be 800 1000 1200 | 1500 
Bearing fe, full area 500 625 750 938 
Bearing f., one-third area j iiinis ‘ 750 938 1125 1405 
Bond, one-way footing: | 

Plain bars . a 80 100 120 | 150 

Deformed bars Nicaea ; 100 125 150 | 188 
Bond, two-way footing: 

Plain bars Pela te adda waksbheedenaewe 90 113 135 169 

on ks oparsieacen seen 112 140 168 210 
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With these figures the location of the neutral axis 
can be found from equation (1). 
For a given overturning moment M and dead 


load W: 
M 


= 


W 


The base plate can then be considered subject to 
three forces: 


1. The pressure on the concrete. 

2. The anchor bolts in tension. 

3. A single force W acting at a distance e’ from 
the center line. 


The center of gravity for the anchor bolts is found 
from equation (6). Taking the moment of exterior 
forces around this point and using equation (5): 


Rie Re (Ce + G) 





k,R,* (C: + Cs) — W(e’ —e + Cs) 


The lefthand side of this equation can be estimated 
as it contains only known figures. The righthand side 
is best estimated by assuming a value of R, equal to 
the tower diameter minus 1 or 2 inches. If the re- 
sultant value is larger than the left side, a smaller 
value of R, is to be assumed, and this procedure re- 
peated until the value of the righthand side is within 
+ 5 percent of the lefthand side of the equation. 


The anchor bolt tensile forces f, are found from: 











PoC chines cidacedecwnes Sen (9) 
The anchor bolt area is then found from equation 
(7). 
Example No. 1 
Tower = 10’ dia. x 140’ high 
Overturning moment M = 7,800,000 ft.—lbs. 
Dead load W = 600,000 Ibs. 
Assume R= 72" 
R; = 66” 
fs = 18,000 lbs. per sq. in. 
f- = 1000 Ibs. per sq. in. 
n=10 
,__ 7,800,000 X 12 _ 524 
Then e’ = 600,000 == 356 
i ' 18,000 (10,000 28,000 
rom (1) ete = Fae = 18 
® 630,00 
©€=38 000 — 22.5” 
e 22.5_ 
oe 
From (6) C;=.80 (1.0 + .340) 66 = 70.9” 
e yo 
.” =o 
From (4) C,=.60 (1.0 — .313) 72 = 29.2” 
j From Chart No.1: K,=.275 
: From (8): 
‘ KR,’ (Ci + Cs) = .275 & 375,000.... * 100.1 = 10,350,000 
H » Ri ne 
W (c’—e + Cx) —;—— = .600,000 X 204.4 
| 49.5 
oe OO a ee X Fo090 — 2,100,000 
1 4,250,000 
Assume R; = 58” 
e 22.5 
Then: R 3 388 


From (4): C. = .60 (1.0 — .388) 58 = 21.3” 
From Chart No. 1: Ke=.20 
K3R,” (C: + Cs) = .20 & 194,000 & 92.2 = 3,560,000 


(too low) 
Try R: = 59” 
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Nomenclature 
R; R: Radii of base plate, inch. 
R: Rs;  Radii of anchor bolt circles, inch. 
C: C. Neutral axis to c. g. of compression 
forces, inch. 
C; GC, a Seg axis to c. g. of bolts in tension, 
inch. 
C’, C% Neutral axis to c. g. of bolts in com- 
pression, inch. 
Crs Cre Neutral axis to c. g. of combined bolts 
in tension and compression, inch. 
C, Neutral axis to c. g. of all bolt forces, 
inch. 
F; F, Anchor bolt tensile forces, Ibs. 
F’, F’, Anthor bolt compressive forces, Ibs. 
F, Total anchor bolt forces, Ibs. 
F. Total pressure on foundation, lbs. 
M Overturning moment, ft.-lbs. 
W Total dead load. 
e’ * 12 M/W, inch. 
e Base plate centerline to neutral axis, 
inch, 
A Total anchor bolt area, sq. in. 
fs Max. allowable steel tensile strength, 
Ibs./sq. in. . 
f, Max. allowable concrete compressive 
‘ strength, lbs./sq. in. 
E, Mod. of elast., steel, : 30,000,000. 
E. Mod. of elast., concrete, : 1000 X ult. 
compres. strength. 
n E, + E. 
e 22.5 
Then: R = 6 = 382 
C: = .60 (1.0 — .382) 59 = 21.8” 
t.= .210 


K.R2* (C2 + Cs) = .210 & 206,000 X 92.7 = 4,000,000 
(which is O.K.) 


_ 1000 | 
From (5): Fe. = 495 


(.275 & 375,000 — .210 206,000) = 1,210,000 Ibs. 
From (9): Fs = 1,210,000 — 600,000 = 610,000 Ibs. 


£_— __ 349 


R From Chart No. 1 —:K; = 1.32 


2 7 X 610,000 X 88.5 __ 
From (7): A= 35778000 & 1.32 X 66 ~ 72 84 in. 





Slender Towers with Large Overturning Moments 


For slender towers with large overturning mo- 
ments it is often difficult to keep anchor-bolt and 
base-plate areas within reasonable limits by employ- 
ing the conventional design and design methods out- 
lined in the previous paragraphs. To meet this situa- 
tion the following different methods or combinations 
thereof can be used, such as 

1. Utilizing the bolts in compression as concrete 
reinforcements. 

2. Reinforcing the concrete, 

3. Using two bolt circles. 

From Figure 1 and from development of the for- 
mulaes, it will be found that the above three sugges- 
tions alone will not decrease the anchor bolt area, 
method 3 on the contrary will result in an increased 
bolt area, and 1 and 2 applied alone will result only in 
a smaller concrete bearing surface. For a given maxi- 
mum allowable bolt stress, there is only one way of 
decreasing the bolt area, and that is by lowering the 
maximum allowable bearing stress of the concrete. 
This will move the neutral axis away from the bolt 
center, resulting in a longer bolt-moment axis, and 
also in an increased bolt volume in tension. 

The basic formulae in the preceding paragraphs 
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will be applied to different cases in the following: 
Certain modifications will be required, and it should 
be especially noted, that in all cases the bolts in 
compression are combined with the bolts in tension, 
and that only the reinforcing steel is combined with 
the steel into a transformed area. 


R 























ts . xy | 
a we | 
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Single bolt circle, utilizing bolts in compression. 


FIGURE 3 
aa 3f. ks R ts 
i Rs +e 
F a 3f. k;’ R;’ ts \ R; == ¢ 3fs k;’ R;? ts 
. : R; ou €¢ ; R; “+ e R; a  - 


If C., is the distance from the neutral axis to the 
resultant force of F, and F,’ and taking the moment 
around this point: 

F; (Crs — Ca) = Fa’ (Cra + Ca’) 

Substituting F, and F,’ from above: 

C Ks C; + K;' C,’ 
- K; — K,’ 

. , : ' 4m 

Substituting C= R 

3k 
4 , _™s + ms’ 


Ca=—3- 2: = (10) 


Equation (8) is used substituting C,, for C,. 
Equations (5) and (9) remain unchanged. 
The equation for F, becomes: 


~ ~ 7) 3fs R;’ ts (K; — K;’) 
F. Fe— Fs 5 R; + e 


and equation (7) changed to 
27 F, (Rs +e) 


“3f, Rs (Ks — Ky’) * (11) 


A= 


Example No. 2 


The same tower and loading and material constants as in 
Example No. 1. The only change will be in the width of the 
base plate. Assume R; = 71” 


e 


= — .340 K; = 1.32 ms = 1.05 


Rs 

= + .340 Re = 25 m;’= .085 
From equation (10): Crs : x 66 x 107” == $3.5” 

€ 22.5 as 

R, 7] 317 K, = .272 


C.= .6 (1 — 317) 71 = 29.1" 
From equation (8): 
K,R,.* (C, + Crs) = .272 & 358,000 & 122.6 = 11,920,000 
R, —_—e€ 
W(e'—e + Ca) 


48.: 
600,000 X 227.0 X ps5 = _6:100,000 
5,320,000 
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se 22.5 ‘ 
Try R: —_ 59.5 R: = 59.5 — .378 K; 


\| 
i) 
NS 





C. = .6 (1 — .378) 59.5 = 22.2 
K:R;* (C2 + Crs) = .22 & 210,000 & 115.7 = 5,350,000 
1000 . 
From (5): Fe = Bs 
(.272 & 358,000 — .22 « 210,000) = 1,055,000 Ibs. 
From (9): F, = 1,055,000 — 600,000 = 455,000 Ibs. 


F 1): A =z 2X 455,000 X 88.5 x 7 
rom (11): A= 3° 18,000 X 66 X 1.07 





= 67.0 sq. in. 


The only difference between the two examples is 
that the base plate in Example No. 2 is %-inch 
narrower. 

* *% * * 

When using steel reinforcement in the concrete 
the procedure is slightly different as both R, and R, 
are assumed to begin ‘with. Equation (8) takes the 
form: 

[KiR.? (Ci + Crs) — KaR2* (C2 + Crs) ] 


_pn _ _Ri—e , 4 
( 1+ 00) = f. W(e'—e -+ Crs) 


From which the reinforcing steel percentage p can 
be found. 

Equation (5) for the compression forces changes to 

?o = —— (KR, — K.R;’) ( x) 13 

c— ( — 24\2 ot 100 eee ee ee ( ) 


Equation (11) for the anchor bolt area remains 
unchanged. 


Example No. 3 


In order to show the influence of steel reinforce- 
ment in the concrete, this example has been worked 
up for different values of f varying from 500 to 1000 
psi as tabulated in Table 2. 














TABLE 2 
Tower = 10’ dia. x 160’ high 
Overturning Moment M = 10,500,000 ft.-lbs. 
Dead Load W= 650,000'Ibs. 
fi, = 18.000 Ibs./sq. in. 
n = 10’ 
e = 194” 
fe pai ; 500 600 | 700 | 800 | 900 1000 
Ri ineh 7 73 | 73 | 73 | 73 | 73 
Re inch 50 50 50 | 50 | 
Rs inch 69 69 69 | 69 | 69 | 69 
e inch.. 42 37.5 | 33} 29.5 26} 22.5 
E/Rs 608 543 478 427) = .377 | 326 
K3 | 1.975 1.81} 1.64 1.52 1.40 1.28 
ms | 1.94 1.69 | 1.46 1.30} 1.16 1.02 
Ks’ 070} .100 | 130 175 | 211 | 265 
ms’ | 0187 | 0268 | 0425 | 0575 | 077 10 
Crs inch 94.5 92.5 | 91.5 93 96 | 101.5 
e/Ra | .875 514| 452 | 404) 356 | 308 
Ki 085 14 16 | 19 | 23 | 28 
Ci inch 18.6 21.3 23.9/ 26.1] 28.2 30.3 
e/Re 84 75 66 59 | 491 | 381 
Ke | 0072 023 0495 | .0775 | 13} 215 
| 
Ce ineh | 42 | 75| 10.2} 123] 162] 21.9 
Ki Ki3(C1+Crs)—K2R2? 
(C2+Crs) 3,670,000 [5,930,000 6,520,000 |7,830,000 (8,950,000 |8,950,000 
(Ri——e)W(e’—e-+Cra)/fe..|9,940,000 |9,560,000 |9,380,000 |9,100,000 |8,950,000 |8,950,000 
|6,270,000 |3,630,000 |2,860,000 |1,270,000, 0 | 0 
p wa? 6.1 44 1.6 ia on 
Fe 1,410,000 |1,410,000 |1,410,000 |1,410,000 |1,340,000 | 1,285,000 
F, 760,000 | 760,000 | 760,000 | 760,000 | 690,000 | 635,000 
A Sq. In. | 74.8 79.8 | 86.7 94.0) 93.0 96.5 
| i 











Re was arbitrarily chosen to be 50”. The calculations show that steel reinforcement was 
needed for value of f. varying from 500 to 800 psi inclusive, for which cases equations (12) 
and (13) were used. For f- equal to 900 and 1000 psi, no reinforcement was required and the 
procedure outlined in example No. 2 was followed, and Rez had to be calculated as narrower 

ates can be used in these two cases. 
t is seen that for this case the steel percentagei ncreases very rapidly below f. = 600 ps 
which would seem to be the practical limit. 


Fl A a ram vel nk 
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Utilizing Bolts in Compression 
As found previously 
“an 3fs ks R;? ts 

















F; sti R; a e 
, _. dfs ks’ Rs? ts” 
Fs i Rs i e 
Similarly: 
F pert 3f. k, Re ts R, at e oa 3fs ks R¢ ts 
tine R, +-e Rs; +e R; +e 
F pens 3fs k,’ RZ’ te R, —e€e re 3fs k,’ rR? ts 
™" Ry—e Rs +e R; +e 


When C,;; is the moment arm for F; — F;’ 
Cy, is the moment arm for F,— Fy’, and 


C, the moment arm for the resultant of all anchor 


bolts, then: 
(F; — F;’) (CG. — Crs) + (F,— Fy’) (C.-— Cr) =0 


Substituting the F values above and introducing 








4m 
C = 3k * Rand Ry ts = q Rs ts: 
rr R;? (ms + ms’) + q Re (m+ m,’) (14 
Gr="3 Ro (Ke— Ke) + Ba (Ke—K.) "°°" ) 
Equation (8) is used substituting C,; for Cs. 
Equation (5) and (9) remain unchanged. 
The equation for F, becomes: 
F, = F; — F,’ F,— F,’ 
Substituting the F values and Rats= q Rsts 
— 3f, Rats [((Ks — Ke’) Rs + q (Ka — Ky’) Ra] 
os, R; a e 
A= 27 (tsRs + teR,) = 27 (1 a q) tsRs 
27 (1 F, (R 
‘is 1h tL St ee (15) 





3f, [( Ks — Ks’) Re + q (Ka — K,’) Ra] 


Tension Bolts Only 


This case is a simplification of the previous one: 


4 — Rims +q Rem . 
ee ee Mat 1" oS Ente st werwens (16) 


A =~ 3f. (KsRs + q KR.) 











This case is illustrated in the following example: 


Example No. 4 


The .same tower and loading and material constants as in 
Example No. 3. 














R; = 71.5” R; = 69” R, = 54” 
__ 18,000 (71.5 + 69) iis 
21.5 
. =—69 ~~ 312 K, = 1.25 m;= .98 
5 
— —_ =e — .398 K, = 1.45 m, = 1.23 
Assume 2 rows of bolts, same number and same areag =1. 
4 4750 X .98 + 2920 «1.23 * . 
Cr=—3— X ~725x 69-+1.45x 54 ~ 068 
€ 21.5 
ae 
K, = .28 C, = .6 (1 — .301) 71.5 = 30.0 


K,R,* (C; + Cr) = .28 K 366,000 X 96.8 


Re 
W(e’—e+C,) = 


= 9,900,000 





“= 650,000 & 239.3 50 _ 7,800,000 
: 1000 2,100,000 
e i 


Try R: = 51.5” R: — 51 5 = 418 
K:=.18 C.=.6 (1 —.418) 51.5= 18.0 


K2R,* (C: + Cr) = .18 & 137,000 X 84.8 = 2,090,000 
(which is O.K.) 
1000 


=" 
z 50 
(.28 & 366,000 — .18 & 137,000) = 1,550,000 Ibs. 


‘Fy = 1,550,000 — 650,000 = 900,000 Ibs. 
From (17): A= 
2m X 2 X 900,000 X 90.5 
3 9 18,000 (1.25 X 69 4+- 1.45 54) = 11S Sa. in. 


This is a substantially larger bolt area than found 
in any of the cases of Example No. 3, but it is to be 
expected, as the bolts in the inner row are only 
stressed to 


18,000 & (54 + 21.5) 
71.5 + 21.5 














= 12,700 psi maximum. 
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Two-bolt circles. 
FIGURE 4 
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Chemicals From Lighter Hydrocarbons 


J. E. BLUDWORTH 


Celanese Corporation of America 


i” MIGHT be of some interest to this meeting for 
me to trace the evolution of chemical manufacture 
in the United States and discuss the tremendous 
strides that have been made in synthetic-organic 
chemistry, particularly as it affects products that are 
petroleum derivatives. 

The first comprehensive synthetic chemical work 
in connection with hydrocarbons dates back to 1856 
with the discovery of Perkin, who recovered magenta 
from the oxidation of aniline. By reason of that dis- 
covery synthetic chemistry progressed very rapidly. 
It was many years later before the possibilities of 
deriving synthetics from petroleum were considered, 
since the petroleum industry has had-a relatively 
short life. Petroleum was not produced in large 
quantities until the beginning of this century, and 
petroleum by-products were not produced in quan- 
tities until the early twenties. From the standpoint 
of production, however, I might say that the chem- 
ical industry was practically unknown in the United 
States until after the first World War. 

With the advent of the first. World War the stop- 
page of certain chemical imports from enemy coun- 
tries forced American business to explore synthetic- 
organic chemistry. Essentially this first industry con- 
centrated on nitrates and the chemicals derived from 
fermentation of food stuffs. Early in that postwar era 
came the chlorination of hydrocarbons as well as the 
catalytic conversion of unsaturated hydrocarbons to 
alcohols. Also in that period synthetic methanol was 
produced by more than one company using high 
pressure synthesis. The use of this process in pro- 
ducing methanol from carbon monoxide and hydro- 
gen, which also can be obtained from hydrocarbons, 
resulted in displacement of the methanol industry as 
related to the destructive distillation of wood. 


Automobile Varnishes 

Tremendous impetus was given the manufacture 
of chemicals in the United States by the demand in 
the postwar era for quick-drying varnishes and lac- 
quers for the automobile industry and the production 
of new products such as plastics and rayons. At that 
trme most of the production of methanol and acetic 
acid was obtained from the destructive distillation 
of wood; formaldehyde was produced through the 
oxidation of methanol and acetic acid was obtained 
from calcium acetate, also a derivative of the wood 
industry; some acetic acid also was obtained by 
fermentation processes. The relatively high cost of 
these compounds was producing a retarding effect 
on expansion in certain fields, such as synthetic 
fabrics and plastics. This led to exploration of 
cheaper and more extensive sources of raw materials 
found in hydrocarbons. 

It might seem that by limiting my discussion to 
“Chemicals from Lighter Hydrocarbons” my task 
would be simplified. A few years ago this might have 
been true, but because of technical advances in re- 
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= is a general discussion of possibilities of 
manufacture of chemicals from lighter hydrocarbons, 
and particularly propane. It is pointed out that more 
is involved than translation of laboratory-learned pos- 
sibilities into commercial production. Proposal to utilize 
excess propane in the manufacture of a chemical must 
be accompanied by consideration of market demand for 
that chemical, and effect of increased supply on the price. 
This paper was presented before the Natural Gaso- 








line Association of America at its annual meeting, Dallas, 
Texas, April 17-19, 1946. 


cent years limitations of both space and time require 
that I confine the discussion to one hydrocarbon-pro- 
pane. Numerous writers have already covered the 
field. Many of the by-products mentioned by these 
authors originated in the notes of technical indi- 
viduals and have not been further explored. How- 
ever, there have been outstanding examples of im- 
portant products being recovered from propane, and 
almost each day research discovers additional outlets 
for propane through new and more valuable products. 

Rather than try to elaborate on all the possible 
by-products that might be recovered, such as through 
chlorination of propane or hydration of propylene 
or through nitration of the same hydrocarbons, this 
discussion will be limited to a simple diagram illus- 
trating the better-known products that might be ob- 
tained from propane; also the various products that 
might be obtained from acetaldehyde, acetone, pro- 
pionic aldehyde and formaldehyde, which are oxy- 
genated derivatives of propane. 


Acetaldehyde 

Acetaldehyde, one of the most versatile of chemi- 
cals, is being used for production of probably more 
secondary products than any other chemical com- 
pound. Acetaldehyde can be converted by hydrogena- 
tion to ethyl alcohol or by oxidation to acetic acid 
or acetic anhydride. In addition, acetic acid can be 
converted in almost theoretical yields to acetone as 
well as other ketones. Acetic acid and acetic anhy- 
dride, in addition to forming the more volatile esters, 
are now used in very large quantities in the produc- 
tion of cellulose acetate, one of the better-known 
rayons. 

Ethyl alcohol from acetaldehyde can be combined 
with acetic acid or acetic anhydride to form ethyl 
acetate; also, ethyl alcohol can be catalytically 
pyrolyzed for the production of butadiene. Substan- 
tial quantities of butadiene and synthetic rubber have 
been produced by this well-known chemical process. 

A far less well-known method in the United States 
of producing butadiene from acetaldehyde is by the 
aldol method. This method was not used in the re- 
cent rubber program to any large degree, although 
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it has been used for many years in Germany and was 
a standard method there for producing 1,3-butadiene 
for synthetic-rubber manufacture. The aldol method, 
as developed in this country, produced almost theo- 
retical yields of butadiene from the starting acetal- 
dehyde. The aldol method comprises three or possi- 
bly four steps. Acetaldehyde is condensed with an 


Crotonaldehyde, the dehydrated product of aldol, 
will produce alcohols on simple hydrogenation. If 
aldolization is carried on beyond the first simple 
condensation, the higher alcohols such as octyl and 
lauryl can be made. These alcohols are extremely 
high boiling and a number of uses have been found 
for them. 
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Acetic Acid phthalic Anhydride 
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Ketene 
Lactic Acid 
Acetoacetic 
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alkaline catalyst to aldol, then hydrogenated in the 
liquid phase catalytically to 1,3-butylene glycol and 
then dehydrated to butadiene. If alcohol is the start- 
ing compound, a fourth step must necessarily be 
added. Butadiene so obtained requires no purifying 
extraction, since a simple rectification of the product 
produces a very pure butadiene. 

In connection with the production of butadiene 
from acetaldehyde by way of the aldol method, it is 
interesting to note that by extensive Aldoling it is 
possible to arrive at compounds totally dissimilar to 
the parent acetaldehyde and more nearly similar to 
propane itself. Aldol through simple dehydration will 
produce theoretical yields of crotonaldehyde which 
on oxidation will give maleic anhydride. By com- 
bining maleic anhydride with butadiene there is 
formed tetrahydrophthalic anhydride, which com- 
pound is very similar to phthalic anhydride. Through 
decarboxylation and dehydrogenation, tetrahydroph- 
thalic anhydride can be converted to benzene. 
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Other Acrylic 


Esters 
Lactic Acid 


Lactic acid, a product normally found in and pro- 
duced from milk, is generally considered one of the 
by-products or derivatives of the dairy industry. 
Through a series of complicated steps which involve 
condensation and hydration it is possible to convert 


- acetaldehyde to lactic acid. This operation has been 


carried out in the laboratory with indifferent success 
but with the proper stimulus could undoubtedly be 
made a very successful reaction. 

It is well known, also, that formaldehyde can be 
made from propane. Formaldehyde has long been 
known to investigators in the chemical field but it 
has been only in recent years that its value has be- 
come greatly enhanced by use in new synthetics as 
well as the older plastic products. Through formal- 
dehyde condensation reactions and proper refining it 
is possible to obtain a syrupy compound having a 
sweet taste and the general appearance of the usual 
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water-clear vegetable syrups. Hydrogenolysis of this 
material will yield glycols and glycerine. 

In recent years, due to the technical advances re- 
sulting from the war effort as well as the increasing 
demand for various products they contain, the cost 
of certain chemicals derived from hydrocarbons are 
approaching the cost of the hydrocarbons themselves. 





chemicals cannot be expected to alter their equip- 
ment overnight in order to utilize a new chemical. 
The successful marketing of new chemicals is based 
on the result of many years of promotion and adver- 
tising and the convincing of hard-headed business 
men that the expense of manufacturing change-over 
is worth the advantages to be gained. This business 






































PYROLYSIS 
Pre ne 
Propylene Ethylene Acetylene Hydrogen 
Propylene 
Oxide sopropy! Ethyl Acetaldehyde 
Alcohol Alcohol | Vinyl Acetate 
Propionic . Acetic Acid 
Aldehyde Acetone Diethyl eer 
Ether 
| Vinyl! Chloride 
Propionic Ethylene 
Acid Oxide = iam 
| Ethylene Styrene 
Glycol 


Acetaldehyde 


Acetic Acid 

As this point is reached it becomes increasingly in- 
teresting to consider the possibility that through 
unusual organic reactions it may be possible to pro- 
duce hydrocarbons of extremely high octane value. 
As an example of this, acetone, which can be pro- 
duced from acetaldehyde directly or by way of acetic 
acid, on dehydration will produce mesitylene, which 
has an octane value of 161. 

While this discussion has been confined to the 
more common oxygenated compounds derived from 
propane, it might be mentioned that propane, as 
well as other hydrocarbons, can be pyrolyzed to 
acetylene and to aromatic hydrocarbons. Recent met- 
allurgical advances have reopened the field with the 
possibility that this type of reaction will be employed 
more in the future. 


Marketing Problems 

Several graphical diagrams have been prepared for 
review in conjunction with this article. However, a 
deeper and more thorough understanding of the eco- 
nomics of by-product manufacture from propane or 
any hydrocarbon should be presented in the true 
light of the massive problems that are always in- 
volved in placing on the market additional chemical 
materials. By this it is meant that the successful 
marketing of any new chemical or any chemical by 


any new process is usually very difficult. Primarily, - 


the location of a large consumer of your product is a 
problem far more important than the actual output 
of the chemical by-product itself. Too often we are 
influenced by the description of some new and spec- 
tacular chemical that is quite certain, if we can be- 
lieve the words of the promoter, to revolutionize in- 
dustry. While it is true that the chemical may have 
possibilities that make it extremely valuable and 
open the way for an interesting future, the impact 
on the price structure of any new, and up to this time 
relatively rare chemical, would be tremendous. Man- 
ufacturing industries that have been consuming other 
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procedure, which has nothing to do with the evolu- 
tion of new chemicals and for which the chemists and 
chemical engineers are not accountable, has an ex- 
tremely important bearing on the entire success of 
the endeavor. 

Most companies now have sales-research organi- 
zations that control the production of any chemical 
until markets can be promoted that will handle their 
output. The very fact, therefore, that a chemist does 
produce a new compound which can be made in large 
quantities from propane or any other hydrocarbon 
does not mean that this outlet has a real importance 
to the petroleum industry. 

In 1944 there were produced in the United States, 
under the impetus of the war program, approximately 
800,000,000 pounds of acetic acid and acetic anhy- 
dride. Quoted as such,*the figure is impressive. How- 
ever, in the same year it is estimated that approxi- 
mately 13,000,000,000 pounds of propane were avail- 
able in the United States and 2,000,000,000 pounds 
were sold. It is evident that there is very little oppor- 
tunity for the consumption of a large portion of this 
propane supply for the manufacture of acetic acid. 

The manufacture of cellulose acetate rayon prob- 
ably represents one of the largest single outlets for 
acetic acid and acetic anhydride. However, it has 
taken 20 years or longer for cellulose acetate to reach 
its present peak of some 250,000,000 pounds per year. 

In considering the problem of obtaining an outlet 
for your excess propane it might be better to consider 
its utilization into a well-known by-product rather 
than contemplating the possibility of creating a rela- 
tively rare and unknown chemical that would absorb 
large quantities of the propane production. It is a 
common occurrence now to see on highways trucks 
transporting LPG for utilization in homes in outlying 
areas. Tremendous quantities of propane-butane are 
used in this manner; yet the promotion, advertising 
and development of this outlet for propane-butane is 
the result of acquainting the public with the advan- 
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tages to be gained and not the result of technical 
advances. The necessity for having a consumer for a 
product has been evident in every successful devel- . 
opment associated with chemical by-product from 


petroleum. 
Economic success attendant to the story of butyl 


purchased for $115.00 per pound. Glyoxal can be 
800,000,000 pounds. Also, in this same petiod with 
production lows far beneath the maximum level, the 
price reached was as high as 7% cents per pound. 

A casual survey of the quoted prices on chemicals 
would indicate that, as an example, glyoxal can be 
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alcohol and chlorinated hydrocarbons is associated 
with the successful utilization of these compounds in 
the quick-drying lacquers now being used in the auto- 
mobile industry. There was a definite need for quick- 
drying lacquers. It is problematical whether both 
products would have been successfully marketed, as 
they now have, without the research which resulted 
in the utilization of chlorinated hydrocarbons and 
butyl alcohol. 


Mass Production and Price 


With the consideration of mass production of com- 
mon and well-known chemicals, it must be remem- 
bered that there will be an attendant reduction in 
sales price. However, with the reduction in sales 
price, the consumption will increase accordingly. In 
examining the possible outlets for chemical by-prod- 
ucts from hydrocarbons and in studying the economic 
factors involved, the well-known and.oft quoted sales 
price should not be considered as too reliable. The 
margin of profit will always be considerably less 
during the mass production of any chemical and the 
engineering economy in the chemical process should 
be carefully considered. 

For example, acetic acid has been sold in recent 
years for as low as 4 cents per pound. In this same 
period the yearly production has been as high as 
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Methy! Amine 


Methyl Hrdroxamic 


cid 


Acetic Acid 





Hydroxylamine 


made from propane. However, since the yearly con- 
sumption of glyoxal represents only a few pounds, 
it is conceivable that if the manufacture of glyoxal 
from propane was carried out on a scale large enough 
to make the operation commercially feasible, the 
price structure, in all probability, would completely 
dissolve. 

Mention of the above has been brought into this 
discussion primarily to point out the attendant diffi- 
culties associated with the launching of a new prod- 
uct on the market. It is hoped that the manufacturers 
of propane or LPG will both utilize and appreciate 
the rapid advances made in recent years in sales value 
and will take these factors into consideration before 
having too much faith in the prospects of moving 
large amounts of propane into by-product fields other 
than motor-fuel manufacture. 

No longer should the old and popular conception 
prevail of the wild-eyed, pseudo-scientist. being the 
source of new products possessing possibilities of 
commercial success in the by-product field. The actual 
score shows that the greatest success has been 
achieved through making the public fully apprecia- 
tive of the advantages in new chemicals as well as 
the use of sound engineering principles entering into 
the establishment of the economy associated with 
the product manufacture. 


{219} 105 














Separate Processing 
or Rich and Lean bas 


N EWEST gasoline plant in the Los Angeles Basin 
is the addition to facilities of Wilmington Gasoline 
Company’s plant at Long Beach. Directional drilling 
of wells to formations beneath the harbor has pro- 
vided additional casinghead gas which has brought 
the total quantity of processible gas from the old 
plant’s capacity of 28,000 thousand cubic feet to 43,- 
000 thousand cubic feet per day. The new unit is 
what could be called a complete plant within itself, 
as absorption, distillation and stabilizing is accom- 
pilshed with new equipment. However, all of the 
gasoline manufactured in the older unit is blended 
with production from the new unit for stabilization, 
and all of the LPG vapors after condensation, are 
processed in a column to produce butane. 

Piping was rearranged in the older unit so that gas 
from some of the wells which produce extremely lean 
gas might be processed through absorbers separately 
from richer gas, so as not to contaminate gas that 
can be depended upon to release profitable quantities 
of natural gasoline. Experience has proved that it is 
not wise to blend lean with rich gas. The original 
installation in Wilmington’s plant contains complete 
facilities for processing gas from surrounding wells, 
but the new section improves the overall operation 
and allows a wider latitude in the manufacture of the 
specialty products. One advantage is that provided 
by the operation of the lates type of gasoline stabil- 
izer which fractionates the raw make into specifica- 
tion bottoms, and the clean-cut tops, or stabilizer 
discard to produce LPG. 

The gas processed by both sections of the plant is 
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Columns in the new section of Wilmington Gasoline Company's Long 
Beach plant. Below is a view of the plant’s steam turbines and pumps. 




















produced under. widely varying conditions and from 
several oil zones, but is handled principally by all of 
the compressors in the engine room, hence it is well 
blended when it flows to the absorbers. A sample of 
the casinghead gas entering the plant scrubbers 
shows the following composition, expressed in mol 
percent: 


Approximately 28,000 thousand cubic feet per day 
enters the absorbers of the older unit of the plant 
which is processed at 40 psi, while approximately 
15,000 thousand cubic feet per day enters the new 
absorber under a pressure of 135 psi, This latter 
volume is cooled in atmospheric units to 80° F. and 
has a composition as follows, expressed in mol per- 
cent: 


The above analysis is made after the addition of 
approximately 742 thousand cubic feet per day of 
stabilizer reflux accumulator vapors which have the 
following composition, expressed in mol percent: 

5.83 


This portion of the load of the gasoline plant flows 
from the compressors—two, 400-horsepower angle- 
type units having been added—into the new absorber, 
which is 68 inches ID, and 56 feet high, containing 
24 bubble trays installed on 24-inch spacing. Absorp- 
tion oil having a specific gravity of .825 is directed 
over the top of the absorber with a 2x3x12-inch 
pump driven by a steam turbine, The fat oil leaves 
the column through liquid-level controllers to a vent 
tank, vapors from which. pass back to the older unit 
for processing through one of the low-pressure ab- 
sorbers. Rich oil leaving the base of the high-pressure 
absorber has the following composition : 


Flowing through an oil-to-oil heat exchanger, two 
in series, and immediately to a preheater operated 
with steam for a transfer of 2,336,000 Btu per hour, 
the fat oil is raised in temperature to 330° F. for 
processing in the still, which is a column 54 inches 
ID and 52 feet high, containing 20 trays installed on 
24-inch spacing. The hot oil flows through an 8-inch 
nozzle upon the eleventh tray, numbered from the 
top. Overhead from the still is partially condensed in 
a set of primary coils to a temperature of 120° F., 
and received in an accumulator from which the reflux 
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Piping arrangement of feed line and position of inlet nozzles on stabilizer 


is pumped at a rate of 71.3 gallons per minute, with 
the reflux having a specific gravity of .650. The con- 
densate is handled by a simplex pump at the above 
rate to maintain an overhead temperature of 200° F. 

The still column is equipped with two water sepa- 
rators, 1234-inch OD by 6 feet, furnished with auto- 
matic interface level controls so that water will be 
automatically withdrawn from the receivers as it is 
produced from the process steam and entrained water 
entering the still with the fat oil. The connection for 
the primary receiver is attached to the column be- 
tween the second and third trays from the top so that 
water, and some distillate, will flow directly from the 
surface of the third tray, and, by utilizing a double 
line of piping, the condensate and vapors flow back 
to the space between the trays into the column 
again. The secondary receiver is connected in like 
manner, but withdrawing steam condensate from the 
space above the fifth tray, and has a set of double 
piping for the same purpose as at the primary re- 
ceiver. Each receiver operates independently, and 
each vessel has an individual interface level con- 
troller. Steam is introduced into the still at the rate 
of 4672 pounds per hour to process the rich oil, and 
temperature maintained in the base of the still col- 
umn averages 308° F. so that the fat oil will be 
stripped to the original specific gravity of .825. Due 
to the fact that still is operated at 40 psi, and the new 
high-pressure absorber at 135 psi, fat oil flows, with- 
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out pumping, through the various auxiliary units and 
to the still, but the lean oil is transferred to cooler 
and back to the absorber with the centrifugal pump 
above mentioned. 

The entire condensate produced by distillation is 
cooled through two stages of atmospheric sections 
to 80° F., and it has the following average composi- 
tion, in mol percent: 


Cok ... Ane | 
Ci hh ety tt ate ke: 
Cs Lo ae ee eee, tO 1.32 
C; eames ake oo... | Se 
C,-iso be oa here te 6.34 
Cy-n bs deden meee 
C; + 54.28 


With this condensate is mixed the production from 
the older unit of the plant, and this additional con- 
densate has the following composition : 


ML SE ice aida geet mete yp We ws's 0.09 
es I eR: 
C; Pv eh etet hie ab 1k » are. avis 1.32 
Cs hs ek Sek'n 66 ole a0 ek .. 10.03 
C,-iso ve os a ee 5.75 
Can .. ee Pee pep eee ee 24.73 
SIT a ee 57.70 


Uncondensed still vapors, at a rate of 958 thousand 
cubic feet per day accompany the condensate from 
the older unit and has the following composition : 


CO: . SWdeiaicnce &s« wdicve-atie<) ae 
Ga) Pets Sek dha ves et 21.21 
C, Ai Net eka een $ Ge ee kes 11.99 
er pbaetes Cehbese sc <a eee 
RR a re eee 6.53 
OR ery see ae 20.33 
ORES ae eee 9.14 


thousand cubic feet per day from the new still, which 
accompany the condensate to the still overhead re- 
ceiver, has the following composition : 


CC De so ane Chanute ae «24% 2.60 
Cis) ) catia Wacatiaine (Asie de seca 0 << 18.40 
OL, SaRC> a, 1 DRE aaa 11.55 
Mea GU eid doe 6 29.22 
C,-iso soeeweéd 7.20 
Cy-n SESE teenies Fs us 05 
Cs+ ... Sa ee 8 


‘he composite production from both distillation 
units is pumped to a stabilizer-feed tank, which also 


108 {222} 





Engine room of Wilmington Gasoline Company's Long Beach plant, with jacket-water pumps for compressors in foreground. 





receives the condensate from the recompressor units, 
handling the uncondensed vapors from the receivers. 
This mixture of gasolines has the following composi- 
tion as it is pumped to the stabilizer: 


A Gack a iraii ad oo lb nw <4 OR 0.52 
Bee atts Dares Cokak cick a eaeroniee 2.34 
ER EAS Site me ey 6 PLA Sp 4.83 
RT a eee ee 
eae ees) ee 7.48 
Rote Lad aac Saw Kaden 6 hol, a 
BE A ord te 9.45 
2 RT ee Se pei 8.45 
SR SS oe yee Cee 18.70 


A simplex pump picks up this composite feed and 
discharges it through a stabilizer feed-bottom ex- 
changer to the stabilizer for separating the fractions 
into bottoms and tops; the bottoms being commercial 
natural gasoline, and the tops as feed to the butane 
column for making commercial grades of LPG, The 
stabilizer is a column 36 inches ID by 88 feet tall 
containing 40 bubble trays on 24-inch spacing and 
has three 4-inch inlet nozzles for selective feed 
points. The stabilizer operates at 265 psi with the 
reboiler held at 307° F. The overhead discard from 
the stabilizer is cooled in atmospheric condensers and 
is received in a 3- by 8-foot accumulator from which 
it is pumped back to the top of the column at a rate 
of 45.2 gallons per minute to maintain a top tempera- 
ture of 151° F. to produce a bottom having the fol- 
lowing composition: 


Ceigo. and Cem .......00000. 41.34 
ee I re ae eeree 15.14 
Re okt cunts Go seath o gidiv a ya wah 13.54 
Co+ eee 


The overhead condensate is pumped by a simplex 
pump to the older plant’s depropanizer for finishing 
into LPG, and this feed from the new plant’s stabil- 
izer has the following composition : 


RN vans Pout ise ok Lae oaks 0.97 
ee Oe oe ene Sand ote 3.40 
A TAG cg, oie tote 11.94 
et Bis ee i Poe an eg oe 57.01 
NS rere 26.68 


Residue gas from the plant is processed through a 
diethylene-glycol plant to reduce the moisture before 
entering transmission lines. 
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Antiknock Properties of Materials 


Resulting from Superfractionation 
Of Natural. Gasoline 


T. W. LEGATSKI'‘and H. R. LEGATSKI 
Phillips Petroleum Company 


| aan the several recent advances in petroleum 
technology, the prewar development of what has 
come to be known as the process of superfractiona- 
tion, although now widely practiced, has never been 
reviewed in detail in the published literature. On the 
basis that, with the exception of certain specific de- 
tails, the process is an elaboration on an old estab- 
lished art within the industry, one might dismiss the 
subject from consideration with the verdict that 
there is nothing new in superfractionation. However, 
this process during World War II was responsible 
for a major share of the greatly expanded aviation- 
gasoline production and, as such should be recog- 
nized along with the other now familiar processes of 
alkylation, catalytic cracking, isomerization and 
blending. Collectively, these processes served to in- 
crease the high-octane aviation-fuel supplies by ten- 
fold in an unbelievably short time. Although super- 
fractionation was being applied in at least one in- 
stance as early as 1928 and although it had been 
largely perfected in its many present applications by 
ten years later, it was not generally adopted in the 
industry as a refining tool to augment aviation-gaso- 
line production until after the beginning of World 
War II. 

The superfractionation development should be of 
particular interest to the natural-gasoline industry 
which stands best able to use the new techniques, 
since the. product, natural gasoline, is more than a 
product of fixed average properties. It is rather a 
separable mixture of hydrocarbons of widely variant 
properties and degrees of suitability for fuel use. 
We are gradually learning to think of this product 
in terms of individual hydrocarbons. 


Properties of Hydrocarbons and Various Natural 
Gasoline Fractions 


Before proceeding with a discussion of the meth- 
ods of superfractionation as potentially applicable to 
natural gasoline, it will be desirable to first review 
briefly the distillation characteristics and antiknock 
properties of the major components and commercial 
cut fractions of debutanized natural gasolines. Table 
1 lists some of thesé properties and compares them 
with those of the parent debutanized gasolines. 

With respect to the parent natural gasolines, the 
marked effect of sulfur content on the clear and 
leaded octane numbers is an important observation 
that is now quite generally appreciated. Most Mid- 
Continent naturals contain sulfur in quantities vary- 
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fractions isolated from Mid-Continent debutanized nat- 
ural gasolines by superfractionation and with concom- 
itant sulfur removal are compared with the properties 
of the raw materials from which they were derived. In- 
formation on the. nature and the properties of the 
hydrocarbons present in the close-cut fractions is also 
included. 

A schematic flow sheet for a complete superfraction- 
ation and desulfurization operation potentially applica- 
ble to the treatment of natural gasoline condensates is 
described. A description is also included of a represen- 
tative single superfractionator unit with its auxiliary 
equipment. 

This paper was presented before the annual meeting 
| of the Natural Gasoline Association of America, Dallas, 
| 


| 
| 
Tue antiknock characteristics of narrow boiling range 
} 
| 


April 17, 18 and 19, 1946. 











ing from 0.005 to 0.025 percent by weight or more. 
On the addition of 3cc TEL, debutanized naturals 
containing these amounts of sulfur would show a 
difference in ASTM octane number of 10 or more 
units. It is obvious, therefore, that sulfur reduction 
or sulfur removal should be considered an important 
step in the production of any fractions intended for 
use in ethylized fuels. Table 1 also affords a general 
idea of the characteristics and quality of the hydro- 
carbon fractions obtained from natural gasoline by 
a superfractionation operation and with concomitant 
sulfur reduction. We refer to a “nominal” fraction 
in this case as that fraction which embraces the nor- 
mal boiling point of the hydrocarbon named. For in- 
stance, normal heptane boils at 209.2°F. and would 
obviously be contained in the nominal commercial 
fraction having a boiling range of 206° F. to 210° F. 
Although classed as “normal heptane,” the clear 
ASTM octane number of 43.0 for this material im- 
mediately indicates that it is not normal heptane of 
any appreciable purity. ‘ 
Although a great deal of antiknock testing by the 
1-C and 3-C aviation methods has been done on those 
particular fractions used in aviation blending, prac- 
tically no results are available on the parent natu- 
rals or on the nominal normal hydrocarbon fractions 
by these test methods. A general comparison of anti- 
knock values may, however, be obtained from the 
more plentiful ASTM antiknock-test ‘data. From 
an examination of these data we can immediately 
conclude that when using a debutanized natural of 
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TABLE 1 
Some Representative Properties of Mid-Continent B. F. Natural Gasoline and Its Fractions 

































































Engler, Boiling Range, °F. Sulfur ASTM 1-C 3-C 
Content 4cc TEL 
Nominal Fraction RVP IBP 50% EP Wt. % Clear 3cc TEL Clear 3cc TEL Rich 
Butane-Free Natural 12 oe ae — 0.025 63.9 77.5 
Butane-Free Natural. 12 bie F 7a .015 65.0 82.5 ee 
Butane-Free Natural. 12 , aa ene .005 66.3 88.0 =e seas 
Isopentane... é 20.0 79 82 89 .0035 88.2 0.58* 88.2 0.94* ; 
Normal Pentane 14.6 93 97 102 .0025 64.5 85.9 eek 7 bane 
Isohexanes. . . 7.4 132 138 142 .012 79.4 96.6 78.5 98.2 99.0f 
Normal! Hexane 4.9 153 156 156 .003 47.1 74.0 ver 75.0T ih 
Isoheptanes. ‘y- 3.2 175 178 190 .009 74.0 89.0 72.0 88.3 99. of 
Norma! Heptane. 1.7 206 209 210 .003 43.0 66.0 ver ay 
Isooctanes 15 | 212 234 .008 66.9 84.9T 67.8 84.0 93.5 t 
Heaviers 05 | 250 400 5% ao a nity eae 
*cc TEL in Primary Isooctane t With 4 cc TEL. t Pe recent Sin M. 


less than 0.005 percent sulfur, fractions will be ob- 
tained of.which only the isopentane, isohexanes, and 
isoheptanes will exhibit higher 3 cc-leaded octane- 
number values than the parent material. All other 
fractions will have lower leaded octane values than 
those of the parent material. 

On the other hand, when starting with a stock con- 
taining 0.025 percent or more of sulfur, the benefit 
to be derived from sulfur removal is appreciable and 
a combined treating and superfractionation operation 
can yield fractions of which only the normal hexane, 
normal heptane and the “heavier than octanes” resi- 
due will have a 3 cc leaded ASTM octane numbers 
that are lower than those of the parent stock. These 
comparisons should suffice to indicate the advantages 
of sulfur removal operations. 

The ASTM distillation data of Table 1 for charac- 
teristic fractions show that, with the sole exception 
of the “isooctanes and heavier” fraction, all are of 
about 10° to 15° F. boiling range. As will be noted 
from Table 2, within these narrow boiling-range lim- 
its we still have rather complex mixtures. From avail- 
able analyses of various Mid-Continent gasolines, 
there is indicated the probable range of concentra- 
tions in which some of the individual hydrocarbons 
may be expected to occur. For instance, the fraction 
boiling between normal pentane and normal hexane, 
which is nominally classed as “isohexanes,” can be 
expected to contain percentages of cyclopentane, 
2,2-dimethylbutane (neohexane), 2,3-dimenthylbu- 
tane (diisopropyl), 2-methylpentane and 3-methyl- 


pentane with the latter two hydrocarbons predomi- 
nating. Likewise, the fraction boiling between normal 
hexane and normal heptane is by no means a simple 
mixture but can be expected to contain some of each 
of the branched chain heptanes as well as methyl- 
cyclopentanes, cyclohexane and benzene. The hydro- 
carbon compounds of the nominal isoheptanes frac- 
tion and the compounds in the mixture boiling above 
normal heptane have hardly been analy zed suffi- 
ciently to warrant assigning to them representative 
concentration percentages. 

It should be apparent from the complex and vari- 
able makeup of the iso fractions that no simple rule 
is possible with respect to the proper number of 
fractionating trays and the proper reflux ratio to be 
used in any specific separation. Design methods for 
the determination of required trays and proper reflux 
ratio are well known and can be applied to any par- 
ticular set of data. Using the normal pentane-isohex- 
anes separation as an example, the answers would 
vary widely depending upon how much of the cyclo- 
pentane and 2,2-dimethylbutane and how little of 
the normal pentane it was desired to retain in the 
isohexanes fraction. 

We have pointed out the deleterious effect of sulfur 
content on octane numbers of unleaded and particu- 
larly of leaded stocks and have indicated the desira- 
bility of sulfur removal. Although available analytical 
data indicate that sulfur exists in debutanized gaso- 
lines in various forms such as mercaptans, sulfides, 
disulfides and thiophenes, we are mainly concerned 


TABLE 2 


Occurrence and Properties of Hydrecerbens kh in oie Continent B. F. Natural Gasoline’ 





—= 











| Percentage | 
in Mid- | Normal Vapor ASTM Octane No. Research Octane No. 

Continent | Boiling | Pressure —— —— 

BF Natural| Point | @ 100° F. | With | With. With With 
Compound Gasoline | psia Clear lcc TEL | 3cc TEL Clear | lee TEL | 3cc TEL 
Neopentane 0 49.1 36.65 83 | . | . : 
Isopentane 15—30 82.1 | 20.44 90.3 100.0 | 92.3 | 0.37* 1.00* 
N-Pentane 20—30 96.9 | 15.57 61.9 re 86.6 | 61.7 | 749 | 887 
Cyclopentane 0.5—1.5 120.7 | 9.91 85.0 | 91.4 95.2 | es 
2, 2-Dimethylbutane 0.3—0.6 121.5 | 9.86 93 4 0.58* 2.10* 91.8 | 0.15* | 0.59* 
2, 3-Dimethylbutane ‘ 0.1—0.3 136.4 | 7.40 94.3 0.42* 1.79* 0,32* | 2.15* 
2-Metbylpentane dc 6—9 140.5 6.77 | 73.5 87.3 91.1 73.4 84.6 93.1 
3-Metbylpentane. ; oe 3—5 145.7 6.10 74.3 87.5 91.3 74.5 | 85.0 93.4 
N-Hexane.. 8—10 155.7 4.96 26.0 51.1 | 65.2 24.8 43.4 65.5 
Metbyleyclopentane 2—4 | 161.3 | 4.50 80.0 | 89.4 | 93.0 91.3 99.5 0.50 
2, 2-Dimethylpentane 0.1—0.3 174.6 3.49 93.0 : seal } as , 
Benzene. . 0.2—0.5 176.2 3.20 | 2.75* | am 
2, 4-Dimethylpentane 0.1—0.3 176.9 | 3.29 83.8 93.0 | 7. | 83.1 93.7 96.6 
Cyclohexane 2—4 177.3 3.26 | 77.2 | 85.4 | 87.: 83.0 | 92.9 97.4 
2, 2, 3-Trimethylbutane eles 177.6 } 3.38 0.07* 3078 | 1.83* ‘ 
3, 3-Dimethylpentane Pere 186.9 2.77 } 84 ie Z > 
1, 1-Dimethylcyclopentane 0.2—0.5 189.5 76.9T | 88.7t 84.2T 95.9T 
2, 3-Dimethylpentane : ; be 0.2—0.5 193.6 | 2.35 . | ios ‘ _—- 
2-Me' hylhexane. . ra 2-3 | 1941 | 2.27 45 i ae 
1, 3 I imethylcyclopentane (Trans) ss ee 195.3 76.9T . 88.7T 84.2F¢ | isis 95.9T 
1, 2 }imethyleyclopentane (Trans sivaye- 3) eee . 76.9t ° 88.7t 84.2t | Prk 95.9T 
3 Abe ma mde a 3—4 197.5 2.12 | : i ; a 
3-Et‘iyl Pentane ‘ , siciil ier 200.2 2.01 69.3 81.2 88.0 65.0 75.2 85. 0 
N-Heptane 2—3 209.2 1.62 0.0 254 | 469 | 0.0 10.0 43.5 
Methylcyclohexane 1—2 213.7 1.61 71.1 82.0 | 86.2 | 748 | 83.5 88.2 
Heaviers | 4—7 : - | igs - fad 

*cc TEL in Primary Isooctane. t Values are for Mixed Dimethy le pdins ntanes. 
. ™ > 
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TABLE 3 
Boiling Points of Organic Sulfur Compounds’ 

| Mercaptan Sulfide Disulfide 

°F. oF. oF. 
Methy! ‘i ra eehe 46 | 100s} 243 
Ethyl... val ere 94 | 198 | 308 
Iso-Propy] ‘ ae 140 249 Sai 
N-Propy!l.. . ne aeee 154 } 286 377 
Iso-Buty! : Deabiare de 190 343 
N-Butyl na “e 208 360 ee 
IsoAmyl ‘ +» wace 246 bps 2 482 
N-Amyl... : akan 259 | esas } islet 


with mercaptans when preparing fuel fractions in 
the pentane to octane boiling range. From the boiling 
points of the lower molecular weight mercaptans as 
shown in Table 3, it can be seen that their presence 
would contaminate all of the fractions boiling below 
octane. By the use of the familiar operation of sweet- 
ening natural gasoline, mercaptans are converted to 
disulfides boiling at least 200° F. above the corre- 
sponding mercaptans. Subsequently, the sulfur can 
be effectively concentrated into the fraction boiling 
above 200° F. and then eliminated by catalytic desul- 
furization or reduced by thermal or catalytic reform- 
ing operations. 


Typical Superfractionation Applicable to 
Natural Gasoline 
Before attempting to discuss the details of the indi- 
vidual superfractionator setup and its operation and 
control features, we shall first outline the general 
arrangement and the flow of raw material in a com- 
plete fractionation and treating installation. Figure 1 
is a flow sheet showing the raw gasoline receiving 
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FIGURE 1 
Butane and lighter fractions. 


tankage and the “light ends” fractionation equipment. 
In any installation where natural-gasoline condensate 
of varying composition is received for processing, it 
is essential that the fluctuations in composition be 
eliminated if uniform fractionator control is to be 
achieved. To this end, we have indicated the use of 
ample surge tankage fitted with mixing equipment. 
The suggested light ends fractionation system which 
follows is probably conventional except for the 
method of debutanization and butanes splitting. With 
a variable demand for isobutane, a need for high- 
purity normal butane for special purposes and a less 
exacting demand for butane in motor-fuel blending, 
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the use of a primary and a secondary debutanizer is 
an advantage. With such an arrangement, only the 
butanes from the primary debutanizer are fed to the 
splitter at times of low isobutane demand. This par- 
ticular butanes fraction has the higher isobutane 
concentration and the lesser pentane contamination 
so it produces the high-grade normal butane for 
specialty purposes along with the required isobutane. 
During such operation, the butanes from the sec- 
ondary debutanizer, containing some isobutane and 
some pentanes can be diverted to motor-fuel blend- 
ing. Whenever maximum isobutane production 1s 
required, the butanes from both primary and sec- 
ondary debutanizers must of course be sent to the 
splitter. 

For the production of high-purity isobutane, and 
in fact of almost any other hydrocarbon or fraction, 
the use of a refractionator is an aid to operation and 
product control. While it is difficult with even a uni- 
form feed volume and composition on a large opera- 
tion to effect simultaneously complete depropaniza- 
tion, high isobutane recovery, and propane specifica- 
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FIGURE 2 
Isopentane and heavier fractions. 


tion control, it is relatively easy to produce maximum 
isobutane with some propane contamination and then 
to refractionate for quantitative propane removal. 

The propane, isobutane, and normal butane pro- 
duced from a system such as the one described may 
be variously treated with caustic or doctor solution ° 
for simple sweetening or for sulfur reduction, depend- 
ing on the contemplated use. Propane for bottled-gas 
purposes must, of course, be dried either by a further 
fractionation step or through use of appropriate de- 
hydrating agents. 

The sour debutanized effluent from the “light ends” 
fractionation system is next passed through surge 
tankage and thence to the cupric chloride sweetening 
operation, as shown in Figure 2, where the mercap- 
tans are converted to the higher-boiling disulfides. 
The subsequent operations of depentanization and 
dehexanization yield sweet overhead products from 
which most of the sulfur has been fractionated. After 
splitting the pentanes and hexanes fractions, the 
overhead products are passed to refractionators for 
removal of the last traces of normal butane and nor- 
mal pentane respectively. 

As shown in Figure 2, the kettle product of the 
dehexanizer is next fractionated for isoheptanes’ pro- 
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duction and the isoheptane so produced is recut for 
light-ends removal. In the case of the isoheptane 
product, although most of the sulfur is eliminated by 
the fractionation, the high temperature employed 
generally causes some slight decomposition of high- 
boiling sulfur compounds. As a consequence, this 
material must generally be caustic washed and re- 
sweetened to remove the traces of hydrogen sulfide 
and to reconvert the mercaptans. 

Production of a satisfactory, low-sulfur-content iso- 
octanes fraction by direct fractionation from the nor- 
mal heptane-and-heavier stream is difficult when the 
sulfur content of the original natural gasoline is ap- 
preciable. Even a small quantity of mercaptan sulfur 
in the original debutanized feed stock, when con- 
verted to disulfides and concentrated in the natural 
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FIGURE 3 
Supefractionator column and controls. 


fraction boiling above 200° F., will result in a low- 
quality blending material. For such cases, a 200° to 
250° F. fraction may be separated by “de-oiling,” 
may be then catalytically desulfurized and finally 
fractionated to yield a low-sulfur isooctanes fraction. 
The heavy residual material obtained in the so-called 
“de-oiling” operation, consisting mostly of absorption 
oil and containing a large part of the original sulfur 
content of the gasoline, is of small volume and pre- 
sents no serious disposal problem. 


Single Superfractionator Unit 

A representative single superfractionator unit is 
outlined in principle in Figure 3. Since the incorpora- 
tion of 75 to 100 trays in a single large column sec- 
tion presents problems of fabrication, transportation, 
and erection, it is common practice to install a single 
fractionator as two column sections in series as illus- 
trated. For satisfactory operation on a wide variety 
of separation problems, equipment is provided for the 
maximum control of all variables which might con- 
ceivably affect the efficiency of the separation unit. 

Feed stock, of as uniform a composition as obtain- 
able, is pumped to the fractionator at a controlled 
uniform rate. The feed is heated to the proper tem- 
perature by means of heat exchangers and a pre- 
heater. Although not absolutely necessary, it is ad- 
visable to operate the preheater on a control actuated 
by the temperature of the feed entering the column. 
The point of feed entry is, of course, determined by 
the desired separation and a sufficient number of 
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entry connections are necessary to permit selection 
of the optimum point. 


Steam to the heating element for reboiling is al- 
ways metered and thé required quantity is usually 
controlled by a suitable motor valve actuated by the 
temperature in the base of the column or, in some 
cases, by the temperature at some point higher in the 
column. To accommodate various operations, thermo- 
wells should be provided at various points above the 
kettle so that the optimum control bulb location can 
be readily ascertained. In some instances, the steam 
to the kettle element is controlled by a temperature 
point located in the top half of the fractionator. 


Column Pressure Control 


Column pressure is controlled by a motor valve in 
the overhead vapor line ahead of the reflux con- 
denser. Since the pressure drop through the fraction- 
ator may be as much as 10 to 15 pounds and since it 
is variable with column loading, one has the choice 
of controlling either top or bottom column pressure. 
To eliminate troublesome pressure surges, it is gen- 
erally preferable to control the pressure at the bot- 
tom of the column. 


Overhead vapor is condensed and slightly cooled, 
using either shell-and-tube condensers or coil sections 
in a spray tower. To provide a reflux at a constant 
temperature, hot vapor is bypassed from the over- 
head vapor line ahead of the pressure control valve 
and is injected into the condenser rundown line. 
With this arrangement and a controlled rate of reflux 
flow, the internal reflux and the column internal tem- 
peratures can be held uniform. ,Vapor is also fre- 
quently bypassed from the high-pressure side of the 
column-pressure controller directly to the vapor 
space of the reflux accumulator for pressure main- 
tenance in the event of sudden cooling of the unin- 
sulated tank top by rainfall. This general type of 
reflux pressure and temperature control system is 
considered essential to steady satisfactory operation’. 
In those cases where induced-draft cooling towers 
are used for overhead vapor condensation, it is some- 
times even practical to employ steam-turbine-driven 
fans with the speed controlled by the reflux accumu- 
lator liquid temperature to compensate for variable 
atmospheric temperature. 


Conclusion 


From this general description it can be readily seen 
that the superfractionation technique is a refinement 
in method and apparatus over the old conventional 
separation practices, a refinement brought about 
through the need for closer control in more difficult 
separations. How widely and to what extent the new 
techniques can be applied to natural gasoline pro- 
duction are unanswered questions. Also unanswered 
are questions as to how these new potential products, 
either mixtures or the pure hydrocarbons themselves 
can be utilized. With the rapid advances that have 
been made in the field of petro-chemistry, and with 
the many war-born developments in the field of 
higher-quality fuels, it would indeed be strange if the 
products of the new superfractionation art were un- 
able to find markets ultimately in one or the other or 
both of these fields. 
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Equipment used in manufacture and repair of laboratory glass. 





Manufacture and Repair of 





Glass Laboratory Apparatus 


WALTER N. EPLER, Epler’s Glass Service, Duncan, Oklahoma 


‘Tees article may be used as a guide by one who 
desires to construct and repair glass apparatus. It is 
to be recognized, that along with a little instruction, 
it is essential that a large amount of practice be done 
to acquire the desired results. 

First, the equipment must be of a high grade so 
that proper heat may be applied to the correct loca- 
tion. This may be accomplished by a heavy-duty blast 
burner which may be purchased from supply houses. 
This is the most important piece of equipment Shap- 
ers, files and knives for cutting, flask holders, sodium 
filter goggles and carbon rods are needed. Also small 
rubber tubes are required for applying pressure with 
the breath on the inside of the equipment being 
worked. Annealing equipment and hot-wire cutting 
are items that can be used but these are not necessary 
for small work. 

It is essential to know how to manipulate the 
burner to produce the size and kind of flame needed 
in the particular operation being performed. This is 
essential, because there are numerous times when the 
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small section of the glass is to be heated and the sur- 
rounding glass not heated, especially in blowing holes 
through a glass vessel preparatory to attaching 
side arms, etc., where thé size of the area heated 
determines the size of the hole produced, when the 
heated section: is blown out. Also, when a bend is 
desired a large area of the tube is heated so that a 
smooth bend will be the final product. 

In breaking the glass tubing or rod into the desired 
length a file or a glass knife may be used to produce 
a nick on one side of the tube or rod so that it will 
break at the nick. If the tube is too large for this 
operation a hot-wire cutter may be used in this 
operation. The tube is nicked.as before and the hot 
wire is wrapped around at the nicked section and the 
current is passed through until it becomes red hot and 
held long enough to heat the glass thoroughly and 
then cold water is dropped on the nick, producing a 
crack through the glass. This crack is: followed around 
the glass with the water until the crack is all the 
way around. if a hot wire is not available a tube may 
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be smooth on both the inside and the outside of the 
tube with no section diffusing light. This can be detected 
readily by holding the weld up to the light. In welding 
two tubes together the two ends are heated until they 
are fire polished. Then they are brought together and 
immediately they stick to eath other. Rotate the glass 
so that it will be heated all the way around evenly. 
When it gets hot it will shrink. Then it is taken out 
of the flame and brought back to a little more than its 
criginal size. This process is repeated until there is 
a perfect union between the two pieces of glass. 
Flaws can be detected by uneven transmission of 
light or rough surfaces. 

It-is well for the beginner to use eight-millimeter 
tubing, six inches in length for practice work, using 
a small hot flame so that there will be only a small 
portion of the tubing heated at the weld and the 





Showing use of Monel screen. 


be rotated ‘on a small hot flame and pulled apart 
when the glass becomes hot. 

In shaping the ends of a jagged tube or to remove 
a short section from the end of a tube a piece of 
monel screen may be used to chip the glass off in 
small pieces by rubbing the end of the tubing across 
the monel screen or vice versa. In this way the end 
of the tube may be put into the desired shape. 

In joining two pices of glass together it must be 
hot enough so that a perfect union of the two pieces 
of glass is produced. This is somethingethe beginner 
must watch. He is afraid he will get the glass too 
hot, resulting in a union that is not entirely fused 
together and this type of union has a tendency to 
produce cracks upon cooling. When a weld is made 
between two pieces of Pyrex glass the weld should 





Making a weld in straight tubing. 


manipulation can be learned more readily in this 
manner. 

In making a “T,” a hole must be blown in a piece 
of tubing where the “T” is to be joined. This is done 
by heating with a flame of the size to produce a hole 
the size of the tube which is to be joined. This is the 
only difference between this weld and the joining of 
two tubes together. It makes no difference what size 
of tubes are used in making a “T” as long as the 
hole produced by blowing out the hot section is the 
size of the tube which is to be joined. Of course this 
same operation can be employed for the joining ot 
side arms to flask necks or in putting an additional 
neck on the flask itself. The larger the tube which is 
to be joined, the larger the hole which is blown, and 
the more complicated the manipulation becomes. 

Producing a triple weld of tubing is an operation 





Correct and incorrect welds. 
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where three tubes are joined, such as the end of a 
condenser. There are numerous ways of manipula- 
tion of this operation. But the one for the beginner 
is the one described here. This operation requires a 
little more time, but not such delicate manipulation. 
First, close the end of the large tube either by a cork 
or by pulling the end off while hot. On this end 
through the cork or by other means fasten a small 
rubber tubing which is long enough to be held in 
the mouth. The end of the large tube which is to be 
welded is shrunk in by heating the end of the tube in 
the flame until it has a hole slightly larger than the 
tube which is to be put in the weld. Flare the end of 
the small tube with the end of a glass shaper until 
it is slightly larger than the hole in the large tube. 
At this time prepare a tube with a flare, on the end 





approximately the same size as the one which is to be 
used in the center. Then slide the small tube through 
the hole in the large tube until the flame rests on the 
top of the large tube. Weld these two edges together 
in a prefect union, holding the glass in shape by 
blowing through the tube held in ‘the mouth. To do 
this the inside end of the small tube must be closed. 
Place another rubber tube over the outside end of 
the small tube which is to be used on the outside. 
Weld this tube to the weld just produced, holding in 
shape by blowing the breath through the rubber 
tubes. This may sound a little complicated, but with 

little practice it is not as complicated as it may 
appear. 

After one has mastered the three operations de- 
scribed he will have enough experience in manipula- 
tion that he can do the smaller glass work. Here, 
again, it should be emphasized that it requires a 
considerable amount of practice to accomplish the 
desired results. 
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The three pictures on this page show steps in making a triple weld. 

At left shows the tubes ready for welding—note flare on the ends of 

the two smaller tubes and the shrunken end on the larger tube. Flame 

is adjusted for the first part of the annealing operation. The top pic- 

ture shows the first operation completed. Below is the triple weld 
completed. , 


In repairing a piece of equipment, hold in mind 
that this equipment is no good unless it is repaired. 
If you break it further, trying to repair it, you have 
uot done any harm because the piece of equipment 
was worthless in the start. If you repair the piece of 
equipment, it is as good as new because it will do 
the job for which it is intended. So in repairing a 
piece of equipment you have everything to gain and 
nothing to loose. You may break the equipment the 
first time or two, but in doing so you have gained 
experience, whereby you may repair the same equip- 
ment and therefore accomplish the goal. 
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Chapter Ill 
CHEMICAL COMPOSITION OF CRUDE PETROLEUM 


: 

| Oe GOLD" is a term often applied to crude 
oil in fascinating and romantic tales of adventurous 
endeavors in the business of oil, of great gushers and 
accumulation of fabulous fortunes overnight. From 
these tales we get the general impression that crude 
oil is all black. Crude oil from most parts of the 
world is a black, or dark greenish-brown liquid ; how- 
ever, there are a few fields which yield crude oil 
which is almost water white. Crude oil from parts of 
West Virginia is of a light amber color, and suffi- 
ciently clear that news print may be easily read 
through a one-inch thickness of the oil. In some parts 
of the world, crude oil is found very near the surface 
of the earth, and instead of being in a liquid state, it 
is semi-solid. 

Crude oils from all parts of the world differ widely 
in appearance and physical characteristics, but they 
differ but slightly in elemental composition. Hundreds 
of analyses made of samples taken from all parts of 
the world revealed carbon contents of from 83 to 87 
percent, hydrogen of 11 to 14 percent, with‘oxygen, 
nitrogen, sulfur and other substances varying from a 
mere trace to 2 or 3 percent.’ See Table 4. 


It is generally believed that petroleum was 
formed in the earth’s crust millions of years ago 


from decaying vegetable and animal matter under 
ideal conditions of temperature and pressure. Meth- 
ane, CH,, discussed briefly in Chapters 1 and 2, may 
at times be seen escaping in bubbles from the mud 
in marsh lands. For that reason it is often referred to 
as “marsh gas.” It is formed in the decomposition 
or decay of the vegetation in marshes. 


Methane 

Under suitable laboratory conditions of tempera- 
ture and pressure, marsh gas or methane may be 
converted into a mixture of hydrocarbons resembling 
a typical brownish-black crude oil. In such a syn- 
thetic crude oil there is also a portion which remains 
in gaseous form at ordinary temperatures. Likewise, 
in nature’s synthesis, most oil fields produce a quan- 
tity of natural gas which is not condensed along with 
the liquid crude oil at existing temperatures. 

Below is a typical hydrocarbon percentage analysis 


of a gas from an Eastern field: . 
Methane 78.0 
Ethane 13.0 
Propane 5.0 
Butane a7 
Pentane 1.6 
Hexane and heavier 0.7 





Of striking interest in the above analysis is the 
fact that all the hydrocarbons end in the letters “ane.” 
We will recall that this ending signifies that these 
hydrocarbons are all saturated, i.e., they contain no 
double bonds in their structures, The components 
are all straight-chain molecules. There are no side 
chains. 


Natural gas from most parts of the world contains 
small proportions of hydrocarbon molecules having 
more than four carbon atoms in their structures. 
Such gases are said to be “wet.” They are processed 
by means of compression, absorption in gasoil, and 
fractionation, to yield natural gasoline. Unlike the 
gas represented by the above analysis, some side- 
chain and cyclo compounds usually are present—in- 
cluding isobutane (2-methyl propane), isopentane, 
cyclopentane, methyl cyclopentane and others. Low- 
molecular-weight unsaturates (olefins) are never 
found in significant concentrations in natural gas. 


We can, therefore, make a rather general conclu- 
sion that the composition of natural gas is predomi- 
nantly normal unsaturated, or paraffinic, hydrocarbons 
of less than five carbon atoms. It should be remem- 
bered, however, that all natural gases contain vary- 
ing percentages of other non-hydrocarbon gases such 
as hydrogen sulfide, hydrogen, nitrogen, oxygen and 
in some instances, carbon dioxide. Some wells in our 
western states yield high percentages of carbon di- 
oxide, sufficient to make the manufacture of dry ice 
therefrom profitable. There are also a few wells in 
Kansas and Texas from which sizable quantities of 
helium gas are extracted under the supervision of the 
United States Bureau of Mines. 


The supply of natural gas in the United States is 
tremendous. Its utility in home and industry, both 
as a fuel and as raw material for chemical synthesis 
is increasing year by year. The growing use of 
natural gas as raw material for the manufacture of 
chemicals will be covered in greater detail in a later 
chapter. 


Hydrocarbon Content of Oil and Gas 


Crude oils throughout the world, although they 
are quite similar in elemental composition, differ in 
hydrocarbon content far more than does natural gas. 
This is to be expected since there are only a rela- 
tively few hydrocarbons which exist in the gaseous 
normal temperatures, whereas there are 


state at 
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literally hundreds of different liquid hydrocarbons at 
normal temperature. 


It has been found that the gasoline fraction alone 
from a Mid-Continent crude contains at least 45 
different hydrocarbon compounds.’ 


There does not exist, and perhaps never will exist, 
a truly adequate system of petroleum oil classifica- 
tion. The American system originally made use of 
three classifications, namely, “paraffin base,” “as- 
phaltic base” and “mixed base,” also called “inter- 
mediate base.” N. A. C, Smith of the Bureau of 
Mines® suggested a fourth classification which he 
termed “hybrid base.” This fourth class covers the 
crude oils which are rich in naphthenic hydrocarbons. 
Later, in 1935, E. C. Lane and E. L. Garton of the 


Bureau of Mines* suggested nine possible classes of 
crude oils: 


1. Paraffin base—in which the distillates are paraffinic 
throughout. 

2. Paraffin-intermediate base—in which the light fractions 
are paraffinic and heavy fractions are intermediate. 

3. Intermediate-paraffin base—in which the light fractions 
are intermediate and heavy fractions are paraffinic. 

4. Intermediate base—in which the distillates are 
mediate throughout. 

5. Intermediate-naphthene base—in which light fractions 
are intermediate and heavy fractions are naphthenic. 

6. Naphthene-intermediate base—in which the light frac- 
tions are naphthenic and heavy fractions intermediate. 

7. Naphthene base—in which distillates are naphthenic 
throughout. 

8. Paraffin-naphthene base—in which light fractions are 
paraffinic and heavy fractions are naphthenic. 

9. Naphthene-paraffin base—in which the light fractions are 
naphthenic and the heavy fractions are paraffinic. 


inter- 
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were incorporated in the 2600-barrel unit. The -Cottrell pre- 
cipitator was replaced with an oil scrubber which removes 
the catalyst fines from the regenerator gases. almost com- 
pletely. The risers do not contain refractory lining which 
has caused some difficulty in other units. 

The right-hand section of Figure 3 illustrates the newer 
fluid-catalytic-cracking unit design which includes the im- 
provements previously described, as well as several addi- 
tional features which increase efficiency. Since commercial 
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tribution plates improves the efficiency of contacting of oil 
and catalyst in the reactor, resulting in a higher liquid 
recovery and less gas formation. The installation of addi- 
tional grid plates in the regenerator and stripper results in 
an improved carbon-burning rate and stripping efficiency 
with a decrease in operating costs. These improvements have 
been incorporated in the new design. 

By building the regenerator below the reactor it is now 
possible to pass the air for regeneration countercurrent to 
the flow of the catalyst. With the coun- 
tercurrent flow and staging of the re- 
generator with grid plates the oxygen 
content of the outlet gas can be reduced 
to % to 1 percent while in previous units 
2 to 3 times as much unused oxygen nor- 
mally escapes from the regenerator. This 
feature of the new design was not pos- 
sible in the older units. A detailed dis- 
cussion of these improvements in effi- 
ciency which have been incorporated in 
the new design has been previously 
given in the literature.’ 


TO FRACTIONATOR 


EACTOR 
Control of Operations 


Figure 2 illustrates the system used 

MEDIUM for controlling the operation of the sim- 

4 plified unit. The reactor temperature 
STRIPPER controls the flow of catalyst through the 
regenerated-catalyst slide valve and the 
reactor level controls the flow through 
the spent-catalyst slide valve. The re- 
actor pressure is held constant by the 
gas compressor and the regenerator 
pressure is held constant by the rate 
of release of flue gas, with the valve 
in the flue-gas line controlled by the 
pressure difference between the reactor 
and regenerator. This method of con- 
trol is used on the 2600-barrel unit and 
' has several advantages. The pressure 
drop across the slide valve does not 
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FIGURE 1 


tests show that it is entirely feasible to operate with a slide 
valve pressure drop of 3 psi., the next logical step is to 
lower the larger regenerator vessel still further. This per- 
mits the regenerator to be placed below the reactor and in 
smaller sizes the reactor can be supported by the regenera- 
tor, thus eliminating the heavy structure required for sup- 
port in the older design. The overall height of a 3300-barrel 
unit is approximately 125 feet. 

Briefly, the flow through this unit is as follows: The oil 
feed is charged as a liquid at the base of the reactor riser, 
hot catalyst from the regenerator enters the riser at the 
point of oil injection, supplies the process-heat requirements 
and is transported upward by the vaporized oil into the 
reactor. Spent catalyst is continuously withdrawn from the 
upper part of the reactor dense phase to hold a level in the 
reactor and passes downward through the stripping section 
into the regenerator. Three zones are available for stripping 
in this design. The stripping medium is injected at the bot- 
tom of both the internal and the external strippers. Addi- 
tional stripping of the spent catalyst is obtained in the 
upper section of the regenerator where the bulk-of the flue 
gas from the combustion of coke in the lower sections con- 
tacts the incoming catalyst.-The catalyst passes downward 
through the regenerator countercurrent to the air supplied 
at the bottom for regeneration. 

Regenerated catalyst flows from the lower section of the 
regenerator to the reactor riser at a rate controlled to main- 
tain a constant reactor ‘temperature. The regenerator fluc 
gas is vented to the atmosphere through an _ internally 
mounted cyclone separator which recovers entrained catalyst. 
The reaction products pass to the fractionator through an 
internally mounted cyclone separator which recovers en- 


trained catalyst and returns it to the catalyst bed. A com- 
parison of the three diagrams in Figure 1 will show that 
the principle of catalyst circulation from one vessel to an- 
other by transfer from a zone of high density through a 
zone of low density is the same in all three units. 

It has been 


demonstrated that the installation of dis- 
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U.O.P. IMPROVED DESIGN 
FOR SMALL CATALYTC 
CRACKING UNIT 


vary appreciably since both the vessel 
pressures rise and fall together in the 
event of surges in either the air or gas 
compressors. The catalyst flow is very 
uniform and responsive to changes made 
in the instruments. The cracking reac- 
tion, as measured by the percent yield 
of cycle stock or by the gas rate, is con- 
trolled at constant throughput by varying the reactor level 
or temperature. An increase in either the reactor level or the 
temperature increases the conversion. In order to control 
the burning reaction an anlysis of the regenerator outlet gas 
stream is obtained and the carbon content of the catalyst is 
determined periodically. The regeneration is then controlled 
by varying the air or carbon production rate. 


Catalysts 
The simplified unit can utilize either synthetic or natural 
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FIGURE 2 
Control of operations, catalyst section. 
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catalyst. In its most simple design synthetic catalyst hav- 
ing a microspherical form is used. Due to the spherical 
shape of the particle and its greater strength, as compared 
with the ground powdered catalysts used during the war, 
this catalyst has very low erosion and attrition rates. In 
addition, the MS catalyst is much more uniform in par- 
ticle size than the ground catalyst. This permits the design 
of this unit without the use of secondary recovery equipment 
such as a Cottrell or oil scrubber or slurry pumps. Two syn- 
thetic microspherical catalysts composed of either silica- 


j ~ 


lower octane number is produced from the silica-magnesia 
catalyst. The natural catalyst gives a gasoline yield and 
octane rating intermediate to the values obtained by the 
two synthetic catalysts. 

The catalytically-cracked gasolines produced from each 
catalyst have blending octane numbers considerably higher 
than their rated values when blended with straight-run gaso- 
line. This blending value varies with the quality of the 
straight-run and percent of catalytically-cracked gasoline in 
the blend. For example, a catalytic gasoline having an 
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magnesia or silica-alumina are available. Since the natural 
catalyst is lower in cost per pound than either of the syn- 
thetic catalysts, its use must also be considered. When 
natural catalyst is‘used, however, secondary recovery equip- 
ment must be added to the MS unit. This equipment consists 
of an oil scrubber or Cottrell to recover the fines from the 
regenerator outlet gas and pumps to return catalyst slurry 
from the fractionator to the reactor. 

Economic consideration of market requirements and op- 
erating costs will govern the choice of catalyst. The silica- 
alumina catalyst gives the highest octane number and lowest 
gasoline yield, while considerably more gasoline having a 
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ASTM octane rating of 81 would have a blending octane 
rating of 89 ASTM when blended with 70 percent of straight- 
run having a 53-octane rating. The Research Method blend- 
ing value of the catalytic gasoline would be approximately 
110 in this example. ' 


Methods of Processing 
The flexibility of the fluid cracking process has been well 
demonstrated by units now in operation. Various charging 
stocks, including naphtha, kerosine, gasoil, and topped crude 
have been processed commercially at temperatures ranging 
from 800-1000°F. in either once through or recycle opera- 
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TABLE 1 
Comparison of Once-Through and Recycle Operation 
Fluid Catalytic Cracking. Mid-Continent Gasoil 
65 Percent Conversion 
Natural Catalyst 














Once- 
Yields, Volume Percent Through 1.67 CFR 
Debutanized Gasoline, Volume Percent 48.9 50.5 
Cycle Stock, 400° F.+-, Volume Percent 35.0 35.0 
Butylenes, Volume Percent | 5.8 6.5 
Butanes, Volume Percent | 7.4 5.5 
Ce and Lighter, Weight Percent = | 6.6 5.4 
| 793.2 5.3 
Debutanised 400° FEP Gasoline: O27 
Octane No. ASTM (F-2) 
Clear 80.3 79.2 
+3ec TEL 86.5 | 85.5 
Octane No. Research (F-1): 
Clear 90.8 90.8 
+3ee TEL | 96.5 96.5 
Cycle Stock, 400° F.+-: 
Gravity, Percent API 26 28 


TABLE 2 


Estimated Normal Utility Requirements 2,000-Barrel 
Fluid-Catalytic-Cracking Unit 
Basis: 60 Percent Conversion Mid-Continent Gasoil Catalyst 
Section and Fractionator Through Gas Compressor 


1. STEAM 





Required (150 psi Lbs./Hr. 
Pumps 3000 
Stripping 1000 

Total 4000 
Produced (150 psi): 

From column bottoms sieam generator , 5500 
Net Produced 1500 
2. ELECTRICITY: KW 

Lights and Power 15 
3. FUEL GAS MM Btu/Hr. 

Required: 

Gas Compressor 
Air Compressor 5 
Total 8 

Produced: 

After polymerization 31 

Net Produced 23 
4. COOLING WATER (85° F. Max. Inlet 

Main Condenser 250 

Gas compressor cooling : 150 

Cyele oil coolers 100 
Total 500 


TABLE 3 


Summary of Operating Costs 2,000-Barrel Fluid-Catalytic- 
Cracking Unit 


Basis: 60 Percent Convérsion Mid-Continent Gasoil Catalyst 








Item 
1, Operating Supervision | 
Foreman, $350 per month 11.70 
2. Operating Labor | 
1 Operator, $1.50 per hour, 24 hours | 36.00 
2 Helpers, $1.25 per hour, 48 hours 60.00 
3 Utilities 
*Steam 1500 Ibs./hr., 25¢/M Ibs 8.10 
Fuel Gas 8.0 MM Btu/hr., 15¢/MM Btu...... | 25.90 
Water 500 gpm, 1¢/M Gal. . ; 6.50 
Electricity 15 KW, 1¢/KW.. te 3.20 
4 Catalyst | 
4 lb./BCD chx., 15¢/Ib. 135.00 
5. Maintenance (Labor and Materials 100.00 
6 Laboratory 
Tester 24 hrs... an | 24.00 
r Chemicals, Materials, etc. ° , ‘ | 10.00 
7. Royalty | 
1800 B/CD, 5¢€/bbi. 90.00 
8. | Taxes and Insurance. . a 35.00 
nda éeéaus ¢ Sdudaunacaue bee | 528.20 
Cost per barrel of charge............ elaine 0.293 








*Credit. 
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tion. This same degree of flexibility can be obtained in the 
improved MS unit. 

With the present limited gasoline and maximum fuel oil 
demand the operation of a catalytic cracking unit at ex- 
tremely high conversion does not appear advantageous. 
To meet present market demands a refiner would, thereforé, 
probably operate a fluid-catalytic cracking unit at an inter- 
mediate conversion level of 55-65 percent to produce both 
gasoline and burner oils. Since the cracking reaction can 
be controlled by varying the amount of catalyst in the reac- 
tion zone, it is possible to return a part of the cycle stock 
to the reactor without reducing the net yield of cycle stock. 
By reducing the level of catalyst in the reactor and recycling 
a part of the cycle stock, the conversion per pass is de- 
creased. This operation increases the gasoline and butylene 
yield and decreases the yield of dry gas and butanes, as 
shown in Table 1. The decreased conversion per pass re- 
duced the ASTM (F-2) octane numbers of the debutanized 
gasoline, but had no indicated effect on the Research (F-1) 
octane ratings at the conversion and temperature level 
under which these tests were made. Note that the cycle 
stock became lighter in gravity in going from once-through 
to recycle operation at a constant conversion or yield of 
cycle stock. 

As previously described, the heat required to vaporize 
the raw oil in the fluid catalyst process is supplied largely by 
direct heat transfer between the raw oil and the hot regen- 
erated catalyst. The simplest design of the new unit is, 
therefore, based on processing a given amount of liquid 
feed in once-through operation at conditions under which 
there is a balance between the heat released in regeneration 
and the heat absorbed in processing. 

A unit designed for once-through operation can, of course, 
recycle at a lower raw-oil throughput than the maximum 
capacity obtainable in once-through operation. The limiting 
raw-oil throughput may be set by the size of the reactor 
or fractionator since certain maximum vapor velocities can- 
not be exceeded in these vessels. Further it is necessary to 
supply additional heat to the reactor when recycling in order 
to maintain a heat balance in the catalyst section. This is 
usually done by installing a preheater on the feed to the 
reactor, although some raw-oil preheat may be obtained by 
heat exchange with the fractionating-column bottoms. 

A unit designed for recycle operation will cost somewhat 
more than a unit intended to process the same amount of 
oil in once-through operation at the same conversion. How- 
ever, the increased liquid recovery obtained by recycling will 
offset the additional capital expenditure in many cases. 


Utilities and Operating Costs 

The utility requirements for the improved unit, of course, 
depend upon the type of operation, charging stock, and type 
of equipment used for heat exchange, pumping and com- 
pression. As a basis for discussion, the normal utility re- 
quirements were estimated for the catalyst and fractionating 
sections of-a 2000-barrel unit processing Mid-Continent gas- 
oil at 60 percent conversion in once-through operation. 

The utilities required to operate this equipment, which 
is illustrated on Figure 3, are summarized in Table 2. The 
total steam required amounts to 4000 pounds per hour, but 
5500 pounds per hour of steam is produced from the column- 
bottoms steam generator, resulting in a net steam produc- 
tion of 1500 pounds per hour. All of the pumps shown on 
this diagram are driven by steam and the air compressor 
is driven by a gas engine. 

The total heat available in the fuel gas produced after 
polymerization would amount to 31 MM Btu per hour. It 
is estimated that 3 MM Btu per hour of fuel gas would be 
used in driving the gas compressors required to feed the 
low-pressure receiver gas into an absorber operated at 200 
psi. An additional 5 MM Btu per hour of gas is used for 
compression of the regenerating air. The net fuel gas avail- 
able for the boiler honse, or heating in other sections of 
the refinery, thus amounts to 23 MM Btu per hour. The 
total cooling water for the condenser and coolers amounts 
to 500 gallons per minute. The electricity required for lights 
and power is estimated at 15 KW. 

Using these utilities as a basis, the estimated cost of op- 
erating the equipment shown on Figure 3 is summarized in 
Table 3. The total cost of operation amounts to 29.3 cents 
per barrel of raw oil charge. Credit was taken for the net 
steam production in these calculations, but no credit was 
taken for the fuel-gas production. With the operation of a 
stabilizer and absorber to prepare debutanized gasoline and 
a liquid Cs-C, feed to the polymerization unit, the total 
operating cost would be approximately 33 cents per barrel. 





1Oil & Gas Journal, Vol. 44, pp. 77-80, 84-88, Anderson & Sterba. 
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implicity and Flexibility of 
Thermofor Catalytic Cracking 





H. D. NOLL and K. G. HOLDON, Houdry Process Corporation, and 
E. V. BERGSTROM, Socony-Vacuum Oil Company, Inc. 


Dns outstanding and generally recognized feature of the 
Thermofor Catalytic Cracking process is the high yield of 
useful products per unit of feed disappearance and per unit 
of catalyst deposit. Liquid recoveries (gasoline plus butanes 
plus cycle gasoil) range from 97 to well over 100 percent, 
depending upon the character of the charging stock and the 
conversion employed. These high liquid recoveries are ob- 
tained by operating at conditions where catalytic action can 
be maintained at a maximum, and deleterious thermal side 
reactions kept to a minimum. These operating conditions re- 
quire maintenance of relatively high catalyst activity and, 
for very high conversions, recycling of catalytic gasoil. 

As a result of careful control of regeneration conditions 
the catalyst activity in TCC units is maintained at a high 
level. The Thermofor kiln regenerates in stages or zones, 
each having its own air and coolant control. The portion of 
the catalyst deposit containing high concentrations of -‘mate- 
rial other than pure carbon is removed in the initial stages 
at low temperature conditions (875-975°F.). Thus, water 
vapor and oxides of impurities such as sulphur are removed 
from the regeneration process before any high-temperature 
combustion occurs. It then becomes possible to reactivate the 
catalyst fully by burning off carbon to a very low residual 
concentration on catalyst without incurring losses in activity 
from high-temperature contact with steam or sulphur com- 
pounds. This stage burning allows high catalyst activity 
maintenance with relatively low catalyst replacement rates. 





TABLE 1 
Catalyst Activity Index 
“we ee 

Conversion 60.0 60.0 
Temperature 860 860 

Gasoline, Volume Percent s 46.0 48.4 
Liquid Recovery, Volume Percent 99.2 100.9 
Coke, Weight Percent 4.0 3.6 
Dry Gas, Weight Percent 7.6 6.8 
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EQUILIBRIUM CATALYST ACTIVITY—CAT-A METHOD 


4 5 
CATALYST MAKE-UP RATE—TONS PER DAY FOR 10,000 BPD TCC PLANT 
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FIGURE 1 


Equilibrium catalyst activity vs. catalyst make-up rate—clay cctalyst 
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A SMALL Thermofor Catalytic Cracking unit is here 
proposed as one means whereby operators of small 
refineries may meet the problem of producing higher 
yields of quality gasoline at a reasonable manufacturing 
cost, and provide ample allowance for further increases 
in quality should the competitive situation so demand. 

Discussed is a small-scale integral TCC Unit developed 
by engineers of Houdry Process Corporation and Socony- 
Vacuum Oil Company. The Unit can be designed to 
process from 1000 barrels per stream day upward of 
virgin charging stocks ranging from heavy naphthas to 
vacuum distillates. Its simplicity of design and flexibility 
of operation make catalytic cracking feasible and prac- 
tical for operators of small refineries. The unit is char- 
acterized by high yields of high-quality product at high 
liquid recoveries with low investment cost and low 
operating and maintenance costs. The integral design 
and simplicity of construction details make for a high 
percentage of on-stream time. 

This paper was presented before the Western Petro- 
leum Refiners Association at its annual meeting at Fort 
Worth, Texas, March 25-27, 1946. Opinions expressed 
herein are those of the authors. 
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EQUILIBRIUM CATALYST ACTIVITY— 
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CATALYST MAKE-UP RATE 
TONS PER DAY FOR 10,000 BPD TCC PLANT 
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FIGURE 2 
Equilibrium catalyst activity vs. catalyst make-up rate—bead catalyst 


Performance on commercial units throughout the war pro- 
gram has demonstrated the practicability of maintaining ac- 
tivities of 30-31 activity index for clay with 0.5-0.6 pounds 
per barrel make-up and 34-36 activity index for synthetic 
catalyst with 0.15 to 0.27 pounds per barrel make-up. 

Curves of equilibrium activity index vs catalyst make-up 
rate are shown in Figures 1 and 2. 

Table 1 has been prepared from correlations to illustrate 
the effect of catalyst activity on gasoline yield, liquid re- 
covery and coke production at constant gasoil disappearance, 

It will be noted that with the lower catalyst activity the 
coke-plus-dry-gas yield has increased by 1.2 percent while 
the gasoline yield and liquid recovery have decreased by 2.4 
percent and 1.7 percent respectively. 

In many instances, and especially in the case of installa- 
tion in smaller refineries, recycle thermofor catalytic crack- 
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TABLE 2 trol the particle size of the catalyst being circulated; a 
SSS ==  fresh-catalyst make-up hopper and facilities for supplying 
fresh catalyst to the hopper, and a fines-storage bin. This 
equipment is all of simple and rugged construction. 









































Recycle/fresh Feed Ratio 





“1 05/10 | 10/10 <r : . 

- : A .characteristic feature of the catalyst flow in a TCC 
Debutanized Motor Gasolixe, Volume Percent...| 42.0 56.0 64.8 unit is the low catalyst velocities required to circulate the 
Total B-B, Volume Perceat 19.0 12.8 15.3 . . 
Cycle Gasoil, Vclume Perce.at 46.0 28.0 13.0 relatively low tonnage of catalyst per hour, The vertical 
Dry Gas, Weight Perce.st 6.5 8.0 9.6 downward velocity of the catalyst in the kiln and reactor 


Po ee is of the order of 6 to 12 inches per minute. The velocities 
in the catalyst-carrying lines are in the range of 1 to 2 feet 
; ; ; per second. No erosion has been encountered in plants of 
ing is particularly attractive. Only moderate recycle ratios the latest design. In the kilns of early installations, some 
are required to produce gasoline yields far beyond the reach erosion of the refractory kiln lining was experienced. This 
of thermal processing methods. The quality of such gasoline was corrected by application of hard-face refractory coatings 
is as good as or better than that produced by single-pass and on later installations by the use of suspended refractory 
operation and the increase in investment cost is minor in prick walls. Inspection indicates that kiln linings of the 
relation to the substantial gasoline-yield increase. In many  |ater type will have an indefinite life. 


cases this type of operation can be readily fitted into exist- : ; . ; , 
ing thermal-cracking equipment at a considerable saving in No erosion whatever has been experienced’ in vertical 


investment cost. Table 2 shows yields for single-pass opera- * Catalyst pipes, but on sloping lines the bottom of the pipe 
tion and for recycling at 0.5/1 and 1.0/1.0 (recycle/fresh 8S Originally designed eroded rapidly. This erosion was 
( : elimihated by installing small vertical baffles at intervals in 
the bottoms of the lines so that a layer of stagnant catalyst 
remained in the bottom of the pipe and the moving catalyst 
flowed over this stationary catalyst instead of over the bot- 
tom of the pipe. Largely because of the extremely low cata- 
lyst velocities employed, erosion in TCC units proved to be 
a simple and easily corrected problem and may be considered 
to be eliminated. 





feed) ratios on a typical Mid-Continent wide-cut gasoil using 
30 activity index clay catalyst. 


Mechanical Features 
The main components of the catalytic section of a TCC 
unit consist of the reactor where oil vapors are contacted 
with hot catalyst, the kiln where the resulting carbonaceous 
deposit is burned off and the catalyst regenerated, and bucket 
elevators to transfer catalyst from the bottom of the kiln to 


the top of the reactor and from the bottom of the reactor Catalyst Supply to Reactor 
to the top of the kiln. Auxiliary equipment includes a com- Catalyst is supplied to the reactor through a vertical pipe 
pressor to supply inert gases for sealing the top of the re- approximately 50 feet in height, depending upon the pressure 


actor from atmosphere, an air blower and line burner for to be maintained within the reactor. This pipe, called the 
supplying combustion air to the kiln, and a steam generating seal leg, has a hopper at the top end into which the elevator 
system in which water is pumped through the kiln-cooling discharges. This hopper is maintained full of catalyst so 
coils after which the steam generated is disengaged in a_ that the seal leg also remains full of catalyst at all times. 
flash drum; an elutriator, the purpose of which is to con- It is therefore possible to operate the reactor at a pressure 
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Simplified flow diagram of typical TCC installation catalytic section 
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FIGURE 4 
Simplified flow diagram, typical TCC installation 


as high as 15 pounds per square inch with the upper end 
of the seal leg open to atmosphere with catalyst flowing 
downward through the seal leg against the higher pressure 
below and without discharging oil vapor to atmosphere, by 
virtue of the effect of the dead weight of the column of 
descending catalyst together with the fact that sealing gas 
flows upward through the catalyst instead of oil vapor. This 
is done by injecting at the lower end of the seal leg a stream 
of inert gas a small part of which descends into the reactor 
and emerges with the product oil vapors, and the balance 
flowing up the seal leg at a rate sufficient to cause a pressure 
drop equivalent to the pressure differential between the top 
of the reactor and atmosphere. The seal leg has proved an 
extremely simple and fool-proof means for introducing ca- 
talyst from atmospheric pressure into the higher pressure of 
the reactor. There is no possibility of blowing a charge 
of catalyst from the reactor with this arrangement. 


The kiln operates under a pressure not more than 1 pound 
per square inch above atmospheric, usually less, and is there- 
fore an inherently safe piece of equipment. The bucket ele- 
vators are vented to atmosphere. These atmospheric vents 
provide a positive separation of the kiln and the reactor 
and reliance need not be placed on differential pressure 
valves or such devices to insure that hydrocarbon vapors 
from the reactor will not enter the combustion zone of the 
catalytic unit. 


Bucket Elevators 
When the first TCC unit was built there was some question 
as to whether bucket elevators would give continuous service 
at the high temperatures and loads to which they would be 
subjected in a TCC operation. A 500-barrel pilot plant had 
been built and operated for a year, using a common com- 
mercial type bucket elevator and water-cooling the head 
shafts. Only minor troubles were encountered with the mal- 
leable-iron chain links in this equipment. The TCC elevators 
have been designed for high-temperature operation utilizing 
the best materials and metallurgical knowledge available. 
Consequently, even the first units built anticipate a satis- 
factory chain life of 18 months to 2 years. In the early in- 
stallations the top chain-sprocket teeth wore rapidly due 
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to uneven application of hard surface material during manu- 
facture. In spite of this it has been possible to obtain from 
a set of sprockets a life of 12 months or more by simply 
reversing the teeth. The most recent elevator improvement 
has been elimination of sprockets, substituting a traction 
drive between the chain and traction wheels. In this manner 
wear has been distributed around the periphery of the trac- 
tion rim instead of being concentrated locally at the sprocket 
teeth, and latest wear measurements indicate the anticipated 
life to be 5 to 10 years for a set of traction rims. 


Elevator circulating capacities used have been 100 and 
150 tons per hour, with chain speeds in the range of 90 to 
125 feet per minute. At this circulating rate and speed, the 
power required to circulate catalyst is about 60-80 horse- 




















FIGURE 5 


Typical reactor draw-off baffles 
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due to failure of elevator chains or 


No shutdown 
sprockets has been necessary on any TCC unit. 


power. 


Catalyst Flow Uniformity 
An important feature of the flow of catalyst in the TCC 
unit is the uniformity of flow on the cross section in the 
kiln and the reactor. This is necessary if uniform reaction 
conditions are to be maintained in the reactor and uniform 
carbon-combustion conditions are to be maintained in the 
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FIGURE 6 


Arrangement and operating conditions of TCC kiln 


kiln. This uniformity of flow in a catalyst bed of large area 
is accomplished by a system of drawoff baffles at the bottom 
of the reactor and the kiln. A diagram of this is shown in 
Figure 3. This catalyst-flow-control system was developed 
by Socony-Vacuum Oil Company research engineers with 
the aid of full-scale models and is one of the basic features 
of the TCC technique. (Figure 5.) 

The catalyst-flow rate through the kiln and the reactor 
is controlled by valves in the feed lines to the elevators. 
The latest type of valve provides close control of the catalyst- 
flow rate, and is of very simple rugged construction. In 
other locations for shut-off purposes, plug valves are used 


where some pressure is to be held, and elsewhere just a 
simple slide plate between flanges is used. The catalyst level 
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in the top of the feed hopper above the reactor is determined 
by a level indicator which on some units is connected with 
the catalyst-flow-control valve in the feed line to the ele- 
vator in such a way that automatic level control is obtained. 
The importance of this interconnection is, however, ques- 
tionable as feed-hopper-level stability is easily maintained 
with only minor adjustments at infrequent intervals at the 
catalyst-flow valves._When the levels in the hoppers become 
low, make-up catalyst is added. Make-up catalyst enters the 
system from a hopper which drains into the feed line to one 
of the elevators. 

With its low circulating rates and catalyst velocities, and 
its relatively small forces and power required in circulation 
of catalyst, the TCC unit utilizes a catalyst-moving system 
which is inherently both safe and simple. 


Reactors 

TCC reactors up to the present time have been operated 
with hydrocarbon vapors flowing countercurrently to the 
descending flow of catalyst, but the flow in this respect may 
be either countercurrent or concurrent and the choice is a 
matter of operating conditions desired in any particular plant. 
In either system the catalyst remains a solid bed with the 
vapor flowing between the catalyst particles which remain 
in contact with each other and not in agitation in any man- 
ner. As a result hydrocarbon vapors are easily disengaged 
from the catalyst and only a small amount of dust (100-200 
pounds per day) is carried into the fractionating tower 
where it is usually withdrawn with a simple settling pot from 
which dust and cold oil are discharged at infrequent inter- 
vals. Due to this extremely low catalyst carryover no re- 
circulation is necessary to return the catalyst to the system. 


Going On-Stream 

A TCC unit is put on stream by circulating catalyst 
through the kiln and the reactor with the bucket elevators, 
the catalyst meanwhile being brought up to temperature by 
supplying preheated air to the kiln. When the proper tem- 
perature of catalyst has been reached the reactor-charge 
stream which has been flowing through a by-pass around 
the reactor is cut in slowly by means of motor-operated 
valves to the reactor, after which the by-pass valve is closed 
and the unit is on stream. Coke is deposited on the catalyst 
as soon as the hydrocarbon is fed to the reactor. The tar 
separator during the start-up period is operated to produce 
a reactor charge of lighter gravity than the normal charge 
so as to lay down a reduced amount of carbon initially and 
enable gradual adjustment of kiln conditions until the unit 
is fully on stream. 

Three variables are subject to control in operating the 
reactor at constant throughout for a desired product. They 
consist of the catalyst temperature entering the reactor, the 
catalyst circulation rate, and the vapor temperature entering 
the reactor. Each one of these variables is subject to simple 
control and optimum conditions are easily obtained and 
maintained thereafter. A fourth variable on some units has 
been the adjustment of space velocity, accomplished by 
changing the catalyst-bed depth by means of adjustable feed 
pipes. 

In a TCC kiln, with the low catalyst circulating rate used, 
if all the carbon were burned by merely introducing the 
theoretical quantity of air at the bottom and blowing it 
through the catalyst bed in one pass, the heat liberated would 
cause a temperature rise of the order of 800° to 1200° F., in 
the catalyst. Consequently, the kiln is divided into zones 
from 5 to 12 in number depending upon the amount of car- 
bon to be burned as determined for design purposes by 
pilot-plant runs on the charge stock. A kiln zone consists of 
a bed of catalyst having residence time of the order of 5 to 
10 minutes, into which combustion air is introduced at the 
middle, the air flowing both upward and downward to outlet 
flue-gas collectors above and below the inlet distributors. 
The queatity of air supplied and the temperature of the air 
are controlled for each zone so that the temperature of 
the catalyst in the zone rises about 150° F., to a maximum 
of 1100°F. When the catalyst has reached 1100°F., which 
is well below the safe operating temperature, it continues in 
its descent over a bank of cooling coils where the tempera- 
ture is reduced to about 950° F., at which temperature the 
catalyst enters the next zone below, where the procedure 
is repeated. In the upper zones of the kiln the amount of 
carbon burned off in each zone is of the same magnitude, 
but as the carbon-burnoff progresses a longer time is re- 
quired to burn off the remaining carbon. Consequently, the 
residence time in the lower zones increases and the residual 
carbon is burned off more slowly until at the bottom or 
clean-up zone the residence time is of the order of 20 min- 
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utes. In the upper zones the outlet flue gas is high in CO: 
and H:O, most of the oxygen having been consumed. The 
flue gas from the bottom zone is high in oxygen since at 
this stage carbon’ concentration has been reduced so that a 
high oxygen concentration is necessary to achieve the very 
low final residual carbon on catalyst obtained in the TCC 
kiln. The lowest bank of cooling coils is used for a final ad- 
justment of kiln-outlet temperature; i.e., reactor-inlet tem- 
perature. 


Control of Kiln 

Kiln variables which are subject to control are the inlet- 
air rate, the inlet-air temperature, and the number of cool- 
ing coils in service. Any one of these three variables can 
be changed to maintain close control of the kiln. Best op- 
eration has been accomplished by leaving all cooling coils 
in service, and by manipulating air temperatures and air 
rates to the various zones, stable kiln conditions with excel- 
lent carbon burnoff are ‘accomplished. Figure 6 shows a 
typical vertical cross section and temperature pattern through 
a kiln. The pattern of temperature rise in a kilneand the 
effect on temperature as a catalyst is passed over the cool- 
ing coils may be observed. Attention is directed to the low 
maximum temperatures in the initial zones where hydrogen 
and sulphur oxide concentrations are at a maximum. 

The inlet-air temperature to the kiln is controlled by the 
addition of heat in an air-line burner. Line burners may be 
fired with gas or oil and operate at the pressure of the air- 
inlet-duct system, which is in the range of 1 to 2 psi. 


Blower 

The blower supplying combustion air operates at a dis- 
charge pressure of 1% to 2 psi and handles cold air only. 
At this low discharge pressure and with air quantities in 
the range of 10,000 to 25,000 cubic feet per minute the horse- 
power requirement for this blower is in the range of 100 
to 300. The combined horsepower required for supplying 
regenerating air and circulating catalyst consequently is a 
relatively low figure. 

Materials of kiln construction are selected for the condi- 
tions existing or anticipated in the kiln. Low-chrome-alloy 
construction is used for the air distributors and collectors. 
Ee kiln walls are internally insulated and refactory lined. 

Cooling tubes are 1%4-chrome alloy. The balance of material 
in a TCC unit is ences steel except as altered by specific 
corrosive conditions. The reactor-kiln section of the TCC 
unit may be modified to permit handling of corrosive stocks 
for a minor increase in installation cost. It may be noted 
that equipment in a TCC unit is generally of standard type 
readily obtainable, maintenance work can be easily handled 
by labor normally used in any refinery. 


Steam Generation 

The steam-generating system in the TCC unit operates 
on the principle of forced circulation of feed water to the 
kiln cooling coils. The circulating pump has a capacity of 
300 to 500 gallons per minute, which is many times the 
feed-water rate required for the steam generated. Conse- 
quently, the mixture of steam and water from the kiln is 
returned to the drum from which the pump takes suction, 
where the steam is flashed, passes through a demistifier and 
thence to the plant steam system. The steam drum is located 
near ground level where all controls are readily accessible. 
Scale deposit in the kiln tubes has been negligible due to 
the fact that the tubes operate flooded with water. Although 
it would be possible to use all-welded coil construction, it 
is considered desirable to use a removable-plug type of 
header on one end of the tube coils so that they can be 
inspected or cleaned if necessary. 

Economies in Designing Small Units 

The designing of a TCC unit for capacities in the range 
of 1000 to 5000 barrels per day posed the problem of retain- 
ing all the inherent simplicity and safety features of the 
larger TCC units and at the same time providing a low- 
cost unit. Actually it has developed that the features of 
simplicity and low cost are closely related so that in the 
small TCC units now available, simplicity and safety have 
been retained and the cost reduced well below that of the 
scaléd-down versions of the conventional early designs. 
These results were obtained by condensing the size of the 
equipment, combining equipment where possible and omit- 
ting features and equipment proved unnecessary by experi- 
ence. For example, in the early design a separate hot- 
catalyst-storage drum is installed to contain the catalyst 
when the unit is shut down and the reactor and kiln are 
to be inspected. In the low-cost TCC unit this storage space 
has been placed above the reactor and surrounding the seal 
leg which necessarily must be about 50 feet high. The re- 
actor, hot-catalyst-storage drum, and reactor-feed hopper 
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FIGURE 7 


Base Case—Conventional thermal processing of crude 
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FIGURE 9 


Base B—Flow diagram of refinery operations with TCC and 


vacuum flashing 
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TABLE 3 
Summary Of Economics 








CASE A 














100° F. below the adjacent catalyst, the 
chain temperature will be in the range of 
750° to 800° F. 


The only cyclone separator to be in- 











BASE CASE CASE B 
gg CTR Bey EE Be ae ea ae ill be th rovided at the dis- 
Cents Barrels Dollars | Barrels | Dollars | Barrels Dollars — py . ; at P t 100 
: Per | Calendar Per | Calendar Per | Calendar Per charge of the e utriator where on a 4 
CASE No. Gallon | Day Day ay | Day | Day Day tons-per-hour unit about 1500 pounds per 
Revenue: day of fines and dust is removed during 
10-pound RVP motor gasoline 6.250 | 2814 7387 3467 9101 3499 | 9185 elutriation. Experience has shown that 
Kerosine 4.250 | 600 1071 600 1071 6CO 1071 cyclone separators in the flue-gas outlet 
Residual fuel 2.145 1210 1089 727 654 687 618 ducts from the kiln are unnecessary as lit- 
Dry gas (F.0.E 2.145 437 393 287 258 271 244 tle or no dust carry-over has been en- 
Excess butane 1.450 26 16 12 7 countered except in the few cases where 
— $9940 $11100 $11125 leakage due to a mechanical detail existed. 
The elutriator used for the purpose of 
Operating Costs controlling catalyst size has been located 
Crude 3.33 5000 $7000 5000 $7000 5000° | $7000 . Y 
Crude Distillation 5000 300 5000 300 5000 | 300 relatively close to ground level and ar- 
Vecuum reduction 750 | 89 ranged in combination with the fines bin 
CC cracking 2412° 670 2450t 612 ; ‘parator where all of this 
Therma! reforming 900 168 640 146 | 640 146 and cyclone separato ‘ly — ibl nis 
Thermal cracking 2750 400 | equipment is more easily accessible. 
ebutanization 18 20 20 2: 3 ; 
Catalytic polymerization 92 115 166 153 | 170 157 _ A considerable saving in structural steel 
Gasoline inhibitor 2814 3 3467 | 3 | 3499 3 is accomplished on the new small TCC 
Taxes, _ insurance (incre- — -~ unit design by utilizing the inherent 
TCC rovalty 31 2412 ++ 2450 123 strength of the kiln and reactor as struc- 
Thermal royalty 2750 83 ture to support all platforms required and 
Catalytic Polymerization royalty 92 19 166 35 170 36 i i oO = 
TEL to 79 CFR-M (Mce's) 355 638 233 419 220 396 we — — — ko the bucket - 
Total operating costs $8765 $9001 $9036 vator which 1s located between them. In 
Earnings per day 1175 2099 2089 addition to these major changes which in 
Differential payout period, years 2.45 2.92 no way effect the ruggedness, safety, and 
Investments (Process Equipment sg flexibility of the pe unit, a great many 
Only) ; ona a improvements in mechanical details have 
evamp thermal and insta cc 2 ‘ : H 
nahainthn enction $775,000 | $800,000 been made as a result of experience with 
Catalytic polymerization $150,000 200,000 200,000 the units now operating. The new small 
Vacuum distillation 125,000 units will operate on natural clay or syn- 
Total $180,000 $975,000 $1,125,000 thetic catalyst interchangeably. It may be 
said that in all respects the small TCC 
ends oc OSS 2S Qe. “han 7 unit is equal to the large units and in 
tsbreaking and 1:1 recycle cracking many respects it will be a more closely 


t ecycle cracking. 
oe integrated unit. 
Economics 

To illustrate the advantages to be gained by the installa- 
tion of TCC equipment, an economic study has been pre- 
pared for what is considered a typical refinery situation. It 
has been assumed that a refinery processes 5000 barrels per 
day of typical Mid-Continent-type crude in topping, two- 
coil thermal-cracking and naphtha-reforming equipment. The 
two cases illustrating TCC processing are based on revamp- 
ing of existing equipment and addition of a TCC reactor- 
kiln section for processing the material presently going to 
two-coil thermal cracking. 

The cases considered are 
Base Case 


are thus built and erected as one vessel at a marked saving 
in cost. 

In small TCC units the regenerated-catalyst circulating 
rate can be reduced to 50 to.75 tons per hour. This permits 
the use of a single elevator instead of two elevators, the 
single elevator being of the same standard design as on the 
large units with the exception of the elevator-bucket ar- 
rangement. The spent catalyst and the regenerated catalyst 
are handled in the same bucket by the device of providing 
separate compartments in the bucket for each. In this ar- 
rangement the colder spent catalyst is placed in compart- 
ments on each end of the buckets next to the chain and 
the hotter regenerated catalyst in the middle compartmnt. 


briefly outlined as follows: 


topping, two-coil reduced-crude 















































































































































As elevator chain has been found to operate more than Present operation, crude 
“ein ts 
| | | | 
| | 
pt. | nam a ee 
ae | | | 
- —— 3,00 | | \ 
r * HAA 
~~ \ \ \ 
- “a a -n— — —>- +- —+— \ . 
KEROSINE ” co : | \ \ \ \\ \ \ \ 
j y, =/#»> 3,000). 8 a ae ee en ee DIFFERENTIAL EARNINGS 
/ §/s7 FROM TCC 4 
UT. STRAIGHT RUN fy \ 3 | CATALYTIC CRACKING 
s - - T ~ / } j \ Y— 7 
z j \ 
YL rerowmen warts \s_/ 4 a ee ee. Ss \ \ \ \ am | = 
. 2,500) 3 > +s oe | 
nn tz —$}———}-—___ —__4 \ \ ; a 
\ THERMOFOR CATALYTIC / * ta . oe le ae! OAS F \ \ Ae eS i 
\ Yd ty z | | 
Fue On \ uw F f/ — SS ee ee eS oe 
KEROSINE ~~, , / UT. straint aun | / : 
| ———— / // aeor” || a af iS oS = 
| WITH CATALYTIC PROCESSING 3 | r a 3 
WITH CATALYTIC CRACKING | 3 | 
| oe oe er —+—_+_ + __,_+—4 
| 1500) g 
= i -——+- <a ee es —+- +— — 
GASsoU 4 » ff \ THERMAL CRACKED | } 
SOLINE | s / > » s dees + 
KEROSINE | / | | | 
| ‘ae ¥.000} __,__ _ +— 1 == + 4 
WITH THERMAL CRACKING | + + + + 
Fue ~ WITH THERMA! CRACKING | | } | ie T 
GAS ANO Lost } = es staat oF Tec | | 4 be 
S00 . 7 OPERATION | 
| THERMOFOR CATALYTIC : -+— — 
| | | | 
ry 1947 1948 1949 1950 195) 1952 1953 








WITH CATALYTIC PROCESSING 


WITH CATALYTIC CRACKING 


FIGURE 12 
FIGURE 10 FIGURE 11 TCC economics of processing versus 
Distribution of products Composition of gasoline thermal cracking 
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Condenser Tube Plates 
by REVERE 


Reaming 
Tube Sheet 


Finished 
lRevere Plates 


ust as Revere Condenser Tubes are preferred in 

refineries because of their long, satisfactory service, 
so are Revere Plates. The two make a perfect com- 
bination, both being made with the same high skill, 
to the same standards. Revere Plates are produced 
by hot-rolling “‘cakes’’ after machining the original 
casting for a perfect surface. 

Revere’s long experience makes it possible to 
deliver to you rag that are dense, free from blow 
holes and surface imperfections, characterized by 
flatness, accuracy of gauge, resistance to corrosion, 
and machinability. 

Revere Condenser Tube Plates are available in 
Squares, rectangles, circles, half-circles, segments, 
patterns, up to 120 inches. Plates may be obtained 
having a finished weight up to approximately 11,000 
pounds. Cupro-Nickel is commonly used in steam 
condensers on warships. Revere also makes plates 
and sheets of Muntz Metal, Naval Brass, Cupto- 
Nickel, Admiralty Metal, Copper, Herculoy, Manga- 
nese Bronze. For advice as to the proper alloys for 
condenser tubes and plates, write Revere. 
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Below: Condenser Tubes in Revere Plant 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago,-Iil.; Detroit, 
Mich.; New Bedford, Mass.; Rorse, N. Y. — Sales 
Offices in Principal Cities. 
+ e +. 


Listen to Exploring the Unknown on the Mutual Network 
every Sunday evening, 9 to 9:30 p. m., EDST. 
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|. Proportioning Pumps 
Powered by Take-Off 
|. ae two proportioning 


pumps is provided in one refinery by a 
take-off from the larger -_pump handling 
the material that is being treated. 

The pump handling the _ gasoline 
which is to be treated is a horizontal 
duplex steam pump set near the treat- 
ing plant. The two proportioning pumps 
are installed on concrete foundations at 
one side of this pump and as near to the 
distance piece separating the fluid end 
from the steam end as practical. The 
rocker shaft arm on the stand 
facing the position of the proportioning 
pumps was removed and an extension 
lug welded at the lower end. Drilled 
for a one-inch pin, a short coupling is 
attached to transmit power to the rig- 


cross 


ging operating the proportioning pumps. 
Two pillar blocks set on concrete -piers 
carry a cross shaft, which is lubricated 
fittings. 


with compression -cup 
An arm of required 
length attached to 
the end of the cross 
shaft is attached to 
the short coupling 
on the lower end of 
the cross shaft rock- 
er arm on the large 
pump. On the oppo- 
site end of the lower 
shaft is ‘a “walking 


grease 





beam.” each end of 
which is below the 
operating arm of 


opposite proportion- 
ing pumps. Connect- 
ing rods attached 
to the ends of the 
“walking beam” and 
to the operating 
arms of the propor- 
tioning pumps make 
the final connection. 
Syncronous opera- 











E ace month the operating personnel 
in the refining, cycling and natural- 
gasoline plants determine the winner of 
a War Bond, maturity value $25.00. 
Superintendents, assistant superintend- 
ents and foremen (subscribers as well as 
non-subscribers) become a jury to select | 
the most practical contribution to this 
department on maintenance and opera- 
tion. The editors rotate voting among 
men qualified to determine the rating. 
This award is in addition to payment 
for the article. The methods of solving 
plant operation and maintenance prob- 
lems come from the personnel of the in- 
dustry. Items provided by Petroleum Re- 
finer staff members will not be eligible. 
Send contributions to Petroleum Re- 
finer, P. O. Box 2608, Houston 1, Texas. 


tion is assured, and only adjustment 
of the quantity handled by the propor- 
tioning pumps is necessary to secure 
adequate volumes of chemicals in rela- 
tion to the quantity of commodity han- 
dled by the large pump. 











Two views of steam 
pump handling gasoline 
to be treated, showing 
connections of propor- 
tioning pumps and po- 
sition of these connec- 
tions at end of alter- 
nate strokes. 





2. Vise to Hold Valve 


When Reconditioning 


O: CONSIDERABLE importance to 
the valve-maintenance section of one 
company is the device used for support- 
ing the heavy valves in a convenient 
position and height for easy, quick over- 
hauling. The shop is equipped with sev- 
eral such stands to permit more than 
one size to be worked upon at one 
time. Typical of these stands or vises is 
the one illustrated which consists of a 
rotable support mounted atop a tele- 
scoping base set in the shop floor. A 
length of 5-inch casing is buried in the 
concrete, leaving the top eight inches to 
project above the floor level. This ex- 
posed portion is split in half to within 
an inch of the floor and a hole is 
drilled through both sides of the pipe 
as shown to permit a heavy bolt to be 
passed through, this serving as a clamp 
to hold the inner telescoping section of 
pipe. A 3-foot length of 4-inch pipe slips 
down inside this outer section and sev- 
eral regularly spaced holes drilled 
through it allow it to be raised to any 
desired position and locked in place 
with a bolt. Welded to this adjustable 
piece is a split section of steel, between 




































Shop-made vise holds valve securely. 


Petroleum Refiner—V ol. 25, No. ? 



















PENBERTHY 


“REFLEX’’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


PENBERTHY 


DROP FORGED STEEL 


LIQUID LEVEL GAGES 





Liquid always shows 
black—empty space 
shows white. 

where the liquid level 
must’ be easily and posi- 
tively visible, and when 
liquids are under high 
pressure or at high tem- 
perature. Made of alloy 
temperature resisting 
steel and are highest 
quality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect align- 
ment and rigidity. Con- 
form with A.P.I.— 
A.S.M.E. requirements. 


The “Reflex” is one of 
the complete line of Pen- 
berthy Gages that meet 
every liquid level gage 
requirement. 

















PENBERTHY INJECTOR CO. 


Cancdian Plan 
a 


PENBERTHY 


“ALL IRON”’ 
LIQUID LEVEL GAGES 









Recommended 
TYPE for 1000 Ib 
90’ Hydrostatic 


Pressure 


Made of Chromium-Molybdenuin 
alloy temperature resisting steel, extra 
heavy throughout and stainless steel 
trimmed. Positive automatic shut-off; 
stainless steel balls shut | the flow 
of liquid if glass breaks. 

removable seats, heavy A stuffing 
boxes, union connections. Conform 
with A.P.I.—A.S.M.E. requirements. 


This is one of the complete line of 
Penberthy gages that meet every 
liquid level gage requirement. 


PENBERTHY 


“TRANSPARENT”’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 

















PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


QUALITY 
PRODUCTS 














Body made from a special high 
strength alloy iron, shanks alloy steel 
and trim stainless steel. Extra heavy 
construction throughout, automatic 
and positive shut-off if glass breaks, 
heavy duty stuffing boxes. Conform 
with A.P.I.—A.S.M.E. requirements. 


The “‘All Iron’”’ is one of the complete 
line of Penberthy gages that meet 
every liquid level gage requirement. 








ves 


PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 
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Penberthy injectors—ejectors—auto- 
matic electric and water (or steam) 
operated sump pumps are all widely 
used a the oil industry 


because they have always been depend- 
able under the most severe service 
conditions. 


All are of rugged construction and 
made by an organization with 59 years 
experience in the manufacture of 
highest quality products. 


PENBERTHY INJECTOR CO. 


Canadian Plan 
DETROIT 2, MICH. WINDSOR, ONTARIO 















Used to observe color 
and density of liquids 
under high pressi.res 
and/or temperatures, 
Construction exception- 
ally sturdy. Made of 
alloy temperature resist- 
ing steel, and are highest 
quality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect align- 
ment and rigidity. Con- 
form with A.P.I.— 
A.S.M.E, requirements. 












The “Transparent” is 
one of the complete 
line of Penberthy gages 
that meet every liquid 
, level gage requirement. 





PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Recommended 
for 750 Ib. 
Hydrostatic 

Pressure 


“3 


. 


Steel construction throughout with 
stainless steel interior trim. Auto- 
matic shut-off is positive and in- 
stantaneous; stainless steel balls 
shut off the flow of liquid when 
glass breaks. Heavy duty stuffing 
boxes, union connections, offset 
construction facilitate cleaning and 
simplify glass replacement. Con- 
form with A.P.1.—A.S.M.E. re- 
quirements. 

This is one of the complete line of 
Penberthy gages that meet every 
liquid level gage requirement, 


acid 
PENBERTHY INJECTOR 0. 


PROT, MICH. “‘menaen nanken 
















































the forks of which rotates a half-circle 
section of 1%-inch steel of approxi- 
mately 5-inch radius. Welded to the flat 
portion of this circular section is a 7- 
by 15-inch piece of %4-inch steel plate 
along which slide two small chain vises. 

With the plate in its horizontal posi- 
tion, the valve is lowered onto the two 
jaws, after which the two chains are 
placed over the valve ends and tight- 
ened in place. Any size valve, with the 
exception of those smaller than 3-inch, 
may be centered on the rack, since the 
two jaws slide along the plate to any 
desired position. When firmly lashed on 
the plate, the entire valve may then be 
rotated through 180 degrees and locked 
in place with a steel pin at any of the 
three possible 90-degree positions. 

Once the valve is solidly mounted in 
this rack, the heavy bolts may be broken 
out and the bonnet and stem removed 
for cleaning and overhaul.-A small port- 
able buffer is used to clean scale and 
loose material from the valve body, 
both inside and out. Height of the vise 
is easily adjusted to suit the individual 
working on it and the size of the valve 
itself. Ample room is available around 
the stand to permit easy access to ordi- 
narily inaccessible portions. 


3. Wall Packing 
tor Large Pipe 
Waren a pipe of large diameter is 


to be brought into a building below 
ground level, or where eventual replace- 
ment is contemplated, some type of 
packing between pipe and wall aperture 
is required to prevent flooding and also 
to allow movement of the pipe if a 
flange union must be broken. 

One plant solved the problem by 
casting a shell or sleeve of a standard 
compression-type coupling in the con- 
crete wall, forming around the project- 
ing ends of the sleeve exactly as though 





The Y catches drip from loading hoses. 
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Coupling around pipe through wall. 


casting a pipe into the wall. To prevent 
possible fouling of the interior of the 
sleeve by grout or cement leaking into 
the collar around the form, it is given 
a coat of heavy pipe grease before the 
concrete is run. 

When the pipe main is placed it is 
run through the coupling as though 
laying a section of line and, when ac- 
curately located with respect to connec- 
tions, the two compression rings are 
tightened against the gaskets around 
the pipe, the bolts—precast in the con- 
crete wall—being firmly held against 
turning and permitting accurate tight- 
ening of the rubber seals. 

The collar is long enough to project 
beyond the wall so that, if a bolt rusts 
off or is broken, it may be replaced by 
welding a stud to the collar or sleeve, 
instead of having to drill a retaining 
hole in the wall. 


4. Trough to Catch Drip 
From Loading Hoses 


hike IVING much of the hazard 
connected with truck-loading of light 
products, one company makes it a prac- 
tice of coliccting all drippings from their 
loading rack hoses in the manner illus- 
trated in the accompanying photograph. 
For every pair of loading hoses a Y- 
shaped collecting trough was provided, 
this Y consisting of a length of 4-inch 
pipe which has been split in half longi- 
tudinally and spread apart at about a 
60-degree angle for approximately half 
its length. This unit is erected midway 
between the two loading hoses and con- 
nected at the bottom into a waste col- 
lecting line which carries the fluid away 
from the loading area. 

Taking up little space alongside the 
rack, the collecting pipe provides a con- 
venient means of supporting and hold- 
ing back the short flexible hose ends of 
the overhead loading lines after the lat- 
ter have been swung back flush with 
the rack upon completion of the loading 
job. 








THE WINNER 


A number of readers selected 
at random and asked to evalu- 
ate items printed in this depart- 
ment in March have indicated 
the award should go to Item 2— 
Pump Discharge Line Support, 
Accordingly, a $25 Victory Bond 
will be sent to the contributor. 








0. Fabricated Runway 


e 
tor Handling Drums 
isinss for any reason, it is not 


possible to lay the switch track adja- 
cent to the building in which empty 
drums are received, it is necessary to 
provide some sort of runway along 
which the drums may be rolled as they 
are unloaded from the railroad cars. 
One refinery, normally using the space 
between switch spur and building as a 
driveway for trucks and as storage for 
bulk materials, had welded up a light 
rack which would span the gap between 
warehouse floor and car. The plant end 
of the rack was fixed in place by weld- 
ing two collars to the steel floor so that 
they retained the last transverse spacer 
pipe or “cross-tie” in place but per- 
mitted the ramp to be lifted. When not 
in use, the unit could be swung upward 
around this last cross pipe, and tied in 


aA 
ca 


\ 
y 




















Runway for handling drums. 
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OMPACTNESS and flexibility are built into piping installa- 
tions where pipe is joined with Tube-Turn welding fit- 
tings. Ceiling mounted pipe and streamlined expansion loops, 
for example, are constructed with only plain butt welds in 
nearly all cases. Tube-Turn elbows and returns can be cut 
to odd angle turns because of their uniform wall thickness. 
Close-nested, permanently leakproof piping systems are 
further assured by the dimensional accuracy of Tube-Turn 
welding fittings. This accuracy permits installing any pipe 
line according to design without making allowances for vari- 
ations in individual fittings. All 'Tube-Turn fittings of the 
same part number are identical in all dimensions. Whatever 
your fittings requirement, from one-half inch to 30 inches, 


PETROLEUM CHEMICAL GENERAL PIPING 
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choose quality-controlled Tube-Turn welding fittings for uni- 
form wall thickness, smooth inner wall, close-knit grain 
structure, freedom from inherent strains. 

Consult your favorite piping authority and see your Tube 
Turns distributor. For more information on superior Tube- 
Turn welding fittings and pace-setting installations in many 
industries, write for Catalog 111. 


Selected Tube Turns Distributors in every principal city are ready to 
serve you from their complete stocks. 


TUBE TURNS (inc.) Lovisville 1, Kentucky. Branch Offices: New York, 
Washington, D. C., Philadelphia, Pittsburgh, Cleveland, Detroit, Chicago, 
Houston, San Francisco, Seattle, Los Angeles. 


Welding Fittings and Flanges 








SHIPBUILDING EQUIPMENT 














READERS ARE URGED TO CONTRIBUTE items to this department. 
Drawings or photographs are desired where practical. Payment for 
items accepted will be on a basis that will compensate for the time 
| involved and in addition each contribution will be eligible to receive 
the bond award as outlined in the announcement on page 132. Jury 
awards will be announced in the second issue after publication. 


place vertically so the warehouse door 
could be closed. 

As the ramp was limited in length by 
the vertical clearance under the ware- 
house room, and failed to reach the 
car door, short stubs of 2-inch pipe 
were welded within the 24-inch run- 
ners or rails, and short pieces of 2%4- 
inch pipe slipped over these to extend 
the rails to within the car door. 

The rails were so spaced as to bring 
both hoops of the drum between the 
rails, automatically providing realign- 
ment of a drum in case it was given a 
faulty start at the car. The cross pipes, 
welded at 4-foot intervals across the 
rails, were left long enough so that 2x8 
planks could be laid on the projecting 
ends to form a walkway. These planks 
were equipped with cleats on the under 
side which, when slipped over the 
“cross-ties,” prevented accidental dis- 
placement of the walkway and conse- 
quent accidents. ' 


6. Meter Mounting for 
Convenient Servicing 


ia PERMIT accurate leveling of a 
recording meter on an incoming feed 
line, one plant set an invérted U into a 
concrete base, with the horizontal sec- 
tion of the U paralleling the line whose 
contents were to be gauged. 

Mounted on the U was the 2-inch 
pipe support on which the meter was 
to be placed, the U-bolt clamp which 
held this upright section to the base 
being passed through a pair of castings, 
ground to the are of a sphere over the 
area of mutual contact 

A collar, clamped to the pipe riser 
and also provided with hard-faced set 
screws, provides support for the meter 
body, so that the usual clamps furnished 
with the instrument merely maintain it 
in place and relieve the meter body of 
possible strain. 

By means of the adjustable collar, the 
spherical joint, and the length of the 
horizontal section of the inverted U 
base, the meter may be shifted to align 
its pair of connections exactly with 
those of the pressure manifold. 

Simply by disconnection of the un- 
ions in the pressure piping, and then 
slackening the U-bolt holding the base 
in place, the vertical supporting pipe 
may be rotated around the base section 
to bring the meter down to where it 
can be slipped off the support with a 
minimum of lifting and jarring. After 
servicing, the meter is replaced in the 
same manner, being slipped onto the 
depressed riser, and then swung up to 
the predetermined level on the support- 
ing collar, with re-alignment assured, 
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Meter stand. 


and with the weight borne by the pipe 
instead of by improvised tackle or by 
being lifted awkwardly into place by 
the service crew. 


7. brouting Auxiliary 
Assures Foundation 


c YMPLETING the foundation of 


such equipment as pumps, compressors 


and vertical tanks with solid apron 
rings with grout after the unit has been 
plumbed with wedges requires more 


than usual care if the support is to be 
uniform and the loading so distributed 
that final tightening of the foundation 
bolts does not introduce stress concen- 
trations which ultimately cause fracture 
and lead to expensive repairs. 

One plant, having discovered when a 
set of pumps was moved that the earlier 
grouting gave only spotty support to 
the bed castings, devised a pressure- 
feed which solved the problem of dis- 
tributing the grout under the unit, and 
at the same time enables a close check 
to be kept on the amount of grout 
placed. The usual hand method of grout- 
ing, by pouring or shoveling the thin 
cement mixture inside a low extension 
of the foundation form, was replaced by 
carrying the form only to the desired 








level of the finished or struck surface, 
so that the edge of the form could serve 
as troweling guide. 

Grout was placed well inside this 
edge by using a curved pipe which, in- 
serted under the unit base, projected 


-A 





G—Barrel for containing 
grout. 


C—Separable couplings 
joining heads to barrel. 


A—Air-control valve. 
R—Leather-faced ram for 
forcing grout. from 

barrel. 


O—Connection for 
grouting hose. 














Sketch of Grout Gun. 


up into the hollow space inside the 
machined bearing surface. The grout 
was placed in a cylinder, formed from 
6-inch pipe, a follower or ram_ with 
leather cups placed atop it, and’ the 
upper or pressure head of the device 
bolted in place. Compressed air—or even 
plant water pressure if air was not avail 
able—was then admitted atop the fol- 
lower, the pressure forcing the plunge: 
downward and driving the grout out 
through the delivery pipe and under the 
unit being set. 

By measuring the grout in the cylin 
der by taking the capacity from any 
pipe table, and by computing the cubic 
contents of the space between concrete 
foundation top and the bottom of the 
unit base, the exact amount of grout 
required could be determined and just 
enough surplus added to insure com- 
plete filling of the space. 

A short length of curved copper pipe, 
fixed so as to vent the top of the hollow 
below the unit, permitted entrapped ai 
to escape, and permitted the grout to be 
forced under the unit until sufficient 
hydrostatic head had been built up to 
insure complete support after the grout 
had shrunk the usual amount in setting 

Grout fed into place by means of the 
pressure-gun was found to be usable 
with one fourth less water than when 
hand-puddled grout was used—speeding 
up the setting and reducing the amount 
of shrinkage, and thus adding to the 
effectiveness of the support afforded the 
equipment by the grout pad between 
the steel and top of the precast concrete 
base. 


§.. Handy Too! Cart 
For Maintenance Crew 


5 a aes on hand tools 
and small parts required by the main- 
tenance men in one refinery is facili- 
tated by a tool cart mounted on pneu- 
matic: tires. The box in which tools are 
kept is all steel with welded seams. The 
cover fits snugly and has turned edges 
to fit on the outside so that rain will 
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Efficiency!... 


UNIFORM CROSS-SECTION DESIGN OF 
GMV PISTON PERMITS CLOSE CLEARANCE, 
INSURES TROUBLE-FREE OPERATION— 


Typical of the outstanding engineering which goes 
into every part of the Cooper-Bessemer GMV com- 
pressor is the piston shown on the opposite page. 


- 


l. The perfectly symmetrical piston crown means uni- 
form heat dissipation, consequently uniform piston 
expansion without distortion. 


2. GMV pistons are made of Meehanite, a close- 
grained high strength iron with unusual wear 
resistance. 


3. Pistons are electroplated with bearing metal and 
rings are surface-treated to prevent scuffing and to 
provide initial lubrication when engine is started. 


4. Cooling oil is supplied to pistons in a continuous 
flow through a chamber beneath each piston crown. 


5. Four narrow, low-wear compression-type rings 
effectively seal the top of the piston and prevent 
blow-by. 


Danger of ring-sticking, piston-sticking, hot spots or 
piston-scoring is reduced, and a minimum piston-to- 


cylinder clearance is possible. 
z 


The same skillful designing, the same experience with 
all phases of heavy-duty engine and compressor oper- 
ation that have gone into this piston, are reflected in 
every other part of the GMV. 


This skill, and the high standards that have charac- 
terized Cooper-Bessemer engines for over 111 years, 
are your guarantee of reliable GMV performance 
year after year. 


This is the third in a series of advertisements on un- 
usual engineering features of the GMV. 


by 


‘Houston, Dallas, Greggton, Pampa and Odessa, Texas Tulss 
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The GMV is more compact! ®@ It is 
a two-cycle engine. @ It comes to you 
already assembled — saving time and 
installation costs. ® It has much greater 
ease of moveability! @ The GMV has 
V-type cylinders! Saving floorspace. @ 
Its open-side, one-piece frame is un- 
usually rigid— yet highly accessible. 
@ The GMV has interchangeable pre- 
cision bearings throughout! @ Longer 
Life! @ Its connecting rods are artic- 
ulated. Less bearing pressure. @ Plated 
Pistons! No scuffing — less running in! 
@ The GMV has oil-cooled pistons and 
narrow piston rings. Less Maintenance! 
@ Its crossheads are unusually large 
and husky! @ It has perfect cylinder 
scavenging. Higher thermal efficiency. 
@ Only the GMV has the famous Silent 
Scot injection system. Fuel economy! @ 
Auxiliaries are lay-shaft driven. No 
vibration! @ With it comes complete 
engineering service — automatic con- 
trol— and a miracle of convertibility 
to gas or diesel! @ Four, six, eight or 
ten-cylinder, 400 to 1000 horsepower. 











Cooper-Bessemer 


MOUNT VERNON, OHIO AND GROVE CITY, PENNA. 


Shreveport St. Louis 












Tool cart. 


not enter if left outside. The cover is 
made with a slightly domed effect so 
that water will drain away, and has a 
regulation hasp and staple for locking. 

Two pneumatic wheels are installed 
beneath the tool cart, set in forked 
mountings similar to the single wheel 
on some type automobile trailers, but 
not having a caster effect. The wheels, 
tires aud axles are identical to those 
used on rubber tired “Irish buggies,” 
and were originally intended for that 
service. “Go-cart” type pusher handles 
attached to one end of the body pro- 
vides means of operating; and two per- 
manently set posts allow the cart to 
rest solidly on the ground near the point 
where work is being done. To prevent 
tipping when at rest, a single leg on 
one corner at the opposite end is hinged 
so that it may be folded against the 
floor when traveling, held tightly against 
the cart by a latch which is easily 
disconnected. This leg automatically 
falls to a vertical position and maintains 
the cart without danger of tipping over 
at this end. 


9. Adjustable Oil 


Skimming Device 


A TIME - SAVING, more exact 
method of collecting oil from the top 
of waste ponds is contained in the ef- 
ficient system devised by one major 
company. Improving upon the conven- 
tional means wherein a pipe nipple is 
raised or lowered by hand or winch to 
adjust the intake according to fluid 
level and its water-oil interface, this 
system employs a funnel-shaped con- 
tainer which is welded to a pipe collar, 
the latter in turn being screwed ‘to a 
long threaded section at the upper end 
of a vertical submerged oil line. Top 
edge of the large funnel is deeply ser- 
rated, this type of edge providing a 
better means of more closely regulating 
the incoming flow of skimmed oil: ac- 
cording to the depth of oil film atop 
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the water. To permit even closer adjust- 
ment of the optimum depth of sub- 
mergence of the funnel, it is suspended 
from a steel rod, the upper end of which 
is welded to a salvaged threaded stem 
of a gate valve. The wheel and part of 
the bonnet are mounted on a support 
located at convenient arm’s length from 
the edge of the walkway railing. The 
assembly is so arranged that the intake 
funnel may be raised or lowered slightly 
by turning the tee handle atop the stem, 
after which the wheel may be run down 
the*stem to form a locking nut, assur- 
ing that the adjusted level of the intake 
will remain at that point until changed 
again. 


10. Look Boxes for 
Liquid-Level Gauges 


: PROTECT elevated liquid level 
gauge glasses and at the same time sim- 
plify the reading of the differential be- 
tween the two columns of fluid, one re- 
finery encloses the entire gauge in a nar- 
row rectangular metal box, with the 
gauge near the closed end of the device, 
and flanked by a neon or fluorescent 
lamp. The long axis of the box is di- 
rected toward the stairway so that the 
illuminated gauge is readily visible after 
a minimum number of steps have been 
taken by the operator. 

When enclosed in such a look box the 
gauge glasses, although they may be 
filled with either extremely hot or 
equally cold fluids, are protected against 
sudden temperature changes’ which 
might be caused by high winds, blowing 
rains, or even hot liquids spilled from 
higher up in the structure. 

To make the boxes readily spotted, 
they are painted black on the outside, 
the same color being used inside so as 
to reduce reflection and thus make the 
illuminated pair of fluid-filled gauge 
glasses stand out most effectively. 





Oil skimming device. 


Liquid-level gauge look boxes. 


The box is made in sections, joined at 
the line where the leads to the gauge 
enter, and is so supported that either end 
may be removed for servicing operations 
such as glass or lamp changing without 
removing the other end. 


II. Electric Powered 
Paint Mixer 


|, that painting is again in order 
and materials available, the crew in a 
gasoline plant may wish to mix colors, 
or prepare large quantities of paint for 
buildings, towers and operating equip- 
ment. Blending colors, or stirring paint 
in cans, or large vessels is difficult with 
a common stirring. paddle. To overcome 
this difficulty workers in one plant de- 
vised a simple stirring device which is 
operated with power. 

A medium size electric drill was se- 
lected as the power unit, having a 
standard %-inch chuck for handling 
drills, reamers and the like. A steel rod 
4-inch in diameter was obtained to 
which was attached a two-blade stirring 
paddle. The blades are shaped to,simu- 
late the blades of an airplane, and hav- 
ing a bite of similar degree. The blades 
are approximately 6 inches from tip to 
tip, and each blade is perforated with 
two %-inch holes to increase the turbu- 
lence of the material being stirred. The 
hub of the blades is attached to the 
operating shaft with a nut and lock 
washer, and the nut acts as a distance 
piece to keep the blades off bottom 
when stirring paint in a standard 5-gal- 
lon container. Whipping the paint into 
a froth is prevented by complete sub- 
mergence of rotating parts, except the 
small diameter of the shaft, which has 
no effect: on creating turbulence or agi- 
tation of any consequence. By keeping 
the prop below the surface a sufficient 
distance, complete mixing is Obtained 
without egg-beater whipping of the 
paint. 
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Plans and Opportunities for Natural- 


Gasoline and Cycling Industries 


J. H. DUNN 


President, Natural Gasoline Association of America* 


= a quarter century ago the repre- 
sentatives of 31 companies producing 
liquid products from natural gas in the 
Mid-Continent area met in Tulsa, Okla- 
homa, to discuss their problems. The 
“Association of Casinghead Gasoline 
Manufacturers” was born at this meet- 
ing on April 22, 1921. 

The problems of the industry seemed 
colossal. We are told, at that time, there 
were over 100 different grades of raw 
casinghead gasoline being manufactured, 
and yet the products being offered sub- 
mitted to no man’s specifications. There 
were not only demands for standard 
specifications in order that the seller 
could furnish the buyer with the prod- 
ucts he desired, but there were also de- 
mands for transportation rules and regu- 
lations for safe practices in handling. 
Regarding the products themselves, the 
remarks of D. E. Buchanan at this first 
meeting are illuminating and are quoted 
in part from the recorded minutes as 
follows: 

“We should not be ashamed of the 
stuff we make. It has an end point and 
an initial that no other petroleum prod- 
uct has and yet only three or four of 
the concerns represented in this room 
advertise it. The rest of you call it 
something else. Too many refiners and 
marketers don’t know what blending is 
and a lot of others wouldn’t have a car 
of our stuff on their tracks. They 
wouldn’t sleep well if they knew it was 
there. What we need is some well di- 
rected publicity and an educational pro- 
gram to tell these people what can be 
done with our stuff.” 

Some of those remarks by Mr. Bu- 
chanan might well be reproduced as of 
today. 

During the intervening 25 years we 
have seen many accomplishments bene- 
fiting the whole industry. The value of 
natural gasoline as a blending material 
was proved beyond any doubt through 
sponsored research programs. Technical 
Standards created by NGAA Commit- 
tees are recognized as invaluable criteria 
for the testing and measurement of the 
products manufactured. 


Conservation of Petroluem 


In this industry, as all others, new 
problems take the place of old prob- 
lems, and it always seems that the new 
problems are more complex and diffi- 
cult of solution than the old problems 
in retrospect. The industry continues to 
render an invaluable service in the elimi- 
nation of waste and the conservation of 
petroleum products. In its program the 
industry has expanded its operations to 
include greater conservation activities by 
its. participation on a broad scale in 
cycling and pressure-maintenance proj- 
ects. 


* Presented April 18, 1946, at the 25th An- 
niversary Convention, Natural Gasoline Asso- 
ciation of America, April 17-19, 1946, Baker 
Hotel, Dallas. 
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As natural gasoline went to war there 
were material increases in the produc- 
tion of propane, butanes, and cycle 
stocks (Exhibit 1). This situation re- 
sulted from greater diversification in de- 
mand, and brought about the expansion 
of facilities for the manufacture of spe- 


in trade, and indicate the future possi- 
bilities for packaging the stock to best 
fit the changing markets. We still must 
rely upon the refiner as the principle 
customer for our products, but it seems 
we must offer something more than mere 
volatility. Over a period of 25 years his 


T 































SF 

° 
= @ 
~2 
zo > 
S « 
-- * 
ty 

Ss 3 

= 

0° 2 

120 4 

ge 
10 or 
~ CYCLE 

> 100 wo PRODUCTS 
z ow AS SUCH 
< 90 ou 
w co ANO 
vi 80 BUTANES 
J AS SUCH 
@ 70 
a 
S 60 
» 50 
2 
2 40 
3 
= 3 GASOLINE 
= AS SUCH 

20 


92822 23 48 06 TF Be HH BBM BW IW BW ID © 4 42 





EXHIBIT 1 
Growth of the natural-gasoline and allied industries, 1921 to 1946 


cial products for special uses through 
the more extensive separation of the 
light ends. These raw materials became 
important for the manufacture of such 
products as butadiene, alkylate, cumene, 
toluene, and 100-octane gasoline. It is of 
great significance to the industry to learn 
by this experience and through an ex- 
panding market for liquefied petroleum 
gas that it has something more to sell 
than plain volatility to the refiner. This 
seems to be particularly important at 
this time as refinery process enigneers 
continue to design facilities to increase 
the cracking of heavy products into light 
ends with the tendency to disregard 
the desirability of balancing the total 
available supply. 

The statistics show that for the year 
1945, the production of natural gasoline 
and all related products amounted to a 
total volume of 111 million barrels which 
we estimate to have had a composition 


as follows: Million 
Barrels 

4)... Ee ee rere 10.3 
NE OI Or rier 36.7 
Butane-free gasoline..... 61.7 
TUNE ich ak Paiwenes Mae _ 2.3 
Wee 6 toh eear toes 111.0 


The foregoing figures provide an in- 
teresting analysis of our present stock 


problem has changed from volatility to 
anti-knock performance. The heavy 
gasolines of the early ’20’s have given 
place to light materials because the re- 
finer has had to crack and reform, and 
now catalytically crack in order to stay 
in the race for anti-knock quality. With 
every barrel of thermally-cracked gaso- 
line, there is produced 2.8 gallons of bu- 
tanes in excess of average vapor-pres- 
sure requirements. The corresponding 
figure for catalytic cracking is 6.7 gal- 
lons. With more and more cracking, so 
that over 50 percent of the nation’s post- 
war motor fuel will consist of cracked 
material, it is easy to see that refiners 
collectively will have a big supply of 
butanes. The light straight-run gasolines 
and the butane-free naturals will have 
no room for blending additional butane. 
Reliable estimates indicate that under 
present refining practices the potential 
surplus of butanes from refinery sources 
alone will, during the next few years, 
average 50,000 barrels per day. This is 
over and above the production from our 
industry. 

Our problem, therefore, is to find out 
what can be done with the butanes 
which we fractionate from our natural 
gasoline and which the refiner normally 
will not need for volatility. This brings 
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EXHIBIT 2 
LPG sales statistics 


(Data from Bureau of Mines reports) 


me to one really bright spot in our fu- 
ture. In the period 1937 to 1945, inclu- 
sive, the volume of LPG sales has in- 
creased more than seven-fold (Exhibit 
2). ‘this increase does not include large 
volumes used for synthetic rubber and 
aviation fuel. There was a steep rate of 
increase during the war years but this 
increase was in spite of, rather than be- 
cause of, the war, as wartime limitations 
prevented an even greater expansion of 
the industry. As steel becomes more 
readily available in the future, it is not 
unreasonable to predict that within the 
next five years the total volume of LPG 
sales will increase 100 percent over pres- 
ent levels of 1 billion 100 million gallons 
annually. 

With good fractionation in our plants, 
we can serve all phases of the expand- 
ing LPG business. Not only can we pro- 
duce suitable domestic fuels which will 
bring better living standards to rural 
homes, but we can produce industrial 
fuels and chemical raw materials. We 
should not overlook the needs of an im- 
portant sister industry, namely, natural 
gas. This offers great possibilities for 
expanding markets. Most of the large 
natural - gas-transmission systems are 
confronted with increasing demands be- 
yond their capacities, and with the fur- 
ther rapid decline of gas supplies in the 
Appalachian and Great Lakes states, 
this shortage of capacity, in certain in- 
stances, will become even more acute. 
Already some of these lines are finding 
it expedient to increase their capacity 
by enriching the gas stream with pro- 
pane or propane and butane mixtures. 
With many natural-gas rate schedules 
and contracts based on total heating val- 
ues, this practice will probably be ex- 
panded. Further, the natural-gas-distrib- 
uting companies are confronted with 
peak demands bevond the capacity of 
their lines, and either they or their large 
industrial customers are in many cases 
installing propane-butane standby equip- 
ment to handle such peak demands. Ob- 
viously, then, the natural-gasoline indus- 
try stands between natural gas on the 
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one hand, and liquid petroleum products 
on the other hand. There is no reason 
why we should not look both ways in 
seeking outlets for those of our prod- 
ucts which, under certain conditions, 
may be either gas or liquid. 

I have already shown hovv the refin- 
ing industry collectively will have a po- 
tential surplus of volatility in the next 
few years. We can channel our butanes 
along with propane into expanding LPG 
markets, and our chances of selling our 
products to the refiner should be much 
better if we can offer for his use a 
butane-free gasoline. In other words, we 
must offer something besides volatility. 
Through special fractionation we’ can 
offer the refiner isopentane which will 
improve both volatility and anti-knock 


performance, and is especially needed. 


for the manufacture of aviation gasoline. 


EXHIBIT 3 


Quality Motor Fuels from Natural Gasoline 
Sources 








; “Sar 
—— 
30%. 10-Lb. 
Natural Plus 


70% Cracked 
| Naphtha Cycle | Cycle 














(Desul- Stock | Stock 
| furized) B 
Gravity, °A.P.1..... 63.4 64.9 68.7 
Vapor Pressure—Reid.. . . .| 7.4 7.5 8.0 
ASTM Distillation, °F.: 
JS Tes 118 113 106 
10 percent rec 140 140 136 
20 percent | 154 149 149 
30 percent 168 | 160 | 164 
40 percent 186 175 | 185 
50 percent... 214 189 206 
60 percent 242 204 231 
70 percent 268 221 259 
80 percent 312 248 293 
90 pone 354 281 328 
_* 398 367 386 
Recovery, percent } 98 97 98 
Loss, percent... 1.0 2.0 1.0 
Octane No. ASTM: 
—Clear.. ‘ 61.4 67.0 59.0 
+ 1 ml. TEL/gal......} 70.8 76.0 70.0 
+ 2 ml. TEL/gal.... 74.5 81.0 76.9 
+3 ml. TEL/gal......| 76.3 haw 79.4 








Lead Response 


Assuming now that we are ic have 
markets for propane, butanes, and at 
least some of our isopentane, we’ must 
then look for ways to dispose of the 
remainder. De-isopentanized natural for 
ordinary blending is a case in point. 
Most natural-gasoline fractions are su- 
.perior to normal refinery fractions in 
lead response. This superiority can be 
enhanced by the use of the compara- 
tively new de-sulphurization processes. 
To illustrate with a specific example, a 
certain 10-pound de-isopentanized natu- 
ral sweetened by conventional methods 
shows a lead response of 6 octane num- 
bers for 1 c.c. per gallon and 12 octane 
numbers for three c.c. per gallon. The 
same material, de-sulphurized, shows 
an increase of 10 octane numbers for 1 
c.c. and 18 octane numbers for 3 c.c. per 
gallon. 

Motor Fuel 


We have long contended we could, if 
forced to do so, enter the finished motor- 
fuel market. We are in a better posi- 
tion to take this course than ever be- 
fore, and some plants now can do it 
with relative ease. Others may be forced 
to arrange for blending stocks for use 
with ‘their butane-free natural gasoline 
in order to obtain through the direct 
sale of motor fuel a satisfactory market. 
The cycle-plant operator is even better 
situated to go direct to the motor-fuel 
market, if necessary, because his stocks 
usually can be converted to a _ high- 
quality finished motor fuel by fraction- 
ating, and it is not necessary for him 
to make outside arrangements for blend- 
ing stocks (Exhibit 3). 

These gasolines are not conventional 
in the sense that they do not conform 
to the usual specifications written by 
refiners. However, many of us know 
from experience that these fuels can be 
marketed with good consumer accept- 
ance. Indeed, the problem of maximum 
volatility is one which might well be 
further investigated by this industry. 
We should have down-to-date informa- 
tion on the maximum fuel volatility lim- 
its of later-model cars, and particularly 
with respect to highly volatile butane- 
free blends. In short, we need to study. 
and I mean by an adequate program of 
road tests, not the present-day conven- 
tional refinery products, but the sort of 
finished motor fuels that can be made 
from our light materials. If we are 
forced to compete with the refiner we 
must be in position to refute any infer- 
ence that our so-called “unconventional” 
fuels are not good fuels. 


Alkylation 


Among the various wartime processes 
used in the manufacture of aviation 
gasoline, perhaps the most important, 
and the one which seems most likely to 
survive under competitive peacetime 
conditions, is alkylation. It is expected 
that the present limited demand for iso- 
butane for this purpose will increase 
with the normal expansion of the peace- 
time aviation-gasoline market. Under 
certain conditions, alkylate may also be 
used in motor fuel. The natural-gaso- 
line-plant operator who finds it to his 
advantage to consider the installation of 
alkylation facilities can produce the nec- 
essary unsaturates by thermal or cata- 
lytic processing of normal butane. 
Though alkylation and the related op- 
erations may be applied in only a few 
cases, such applications will tend to 
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eliminate surplus volatility and to effec- 


tively contribute to the balancing of 


supply and demand. 

That such a balancing of supply and 
demand is urgently needed becomes ob- 
vious when we review the price fluctua- 
tion of our industry (Exhibit 4). I think 
it safe to say that no petroleum prod- 
uct has had to suffer the erratic and 
wide variations of price that have been 
the lot of natural gasoline. By way of 
brief review, we may first recall the 
prosperous ’20’s when prices ranged up 
to 12.0 cents per gallon (I pause so that 
you old-timers may get your handker- 
chiefs into play), and when a low of 
about 4.5 cents in April, 1927, threw 
consternation into the industry. 

Next, we contemplate the record of 
the depression decade, a time when any 
resemblance between the price of natu- 
ral, and of motor fuel, came to be purely 
a coincidence. This period culminated in 
1940 with the Group 3 price of natural 
averaging less than 2 cents per gallon, 
well below the value of crude oil. 

In 1941, under the spur of wartime 
demand, refiners were quick to recog- 
nize that a barrel of good aviation base 
stock could be recovered from natural 
with less expenditure for manpower and 
equipment than for the same _ barrel 
made from crude oil. By the year end, 
natural was above 5.0 cents, Group 3 for 
the first time in eight years. Now by 
contrast, the current market trend is 
very similar to 1940 conditions. 

Let us look at some factors respon- 
sible for these fluctuating markets. The 
greatest economic handicaps which. natu- 
ral gasoline has had in the past have 
been (1) cost of transportation, and 
(2) seasonal demand necessitating ex- 
pensive periodic storage. Crude oil has 
throughout the past 25 years and longer 
moved to refinery markets by pipe line. 
On the other hand, natural gasoline has 
been burdened with high-cost rail trans- 
portation. (Quoted markets being based 
entirely upon tank-car shipments). About 
eight or ten years ago, some more en- 
terprising refiners, partly at the insis- 
tence of their own natural-gasoline de- 
partments, started moving natural by 
pipe line in blend with crude oil. These 
refiners soon learned that the higher- 
vapor-pressure material could be handled 
without appreciable losses, and that the 
reduction in viscosity, in most cases, in- 
creased the total capacity of the’ pipe 


EXHIBIT 4 
Natural-gasoline and motor gasoline prices—monthly averages 


line so as to, in effect, give the natural 
gasoline a “free ride.” The only charge 
to be made against the saving in trans- 
portation cost is, therefore, the negli- 
gible cost of handling the extra material 
through the primary distillation process 
at the refinery. 

In recent years there has been an 
even greater development in the trans- 
port of natural gasoline in clean lines. 
Special lines are usually provided for the 
transport of natural gasoline to refining 
centers where production volumes are 
concentrated in sufficient quantities to 
justify such facilities. Examples of these 
cases are East Texas, Texas Panhandle, 
Southern California, and the Permian 
Basin of West Texas and New Mexico. 

Statistics show that during the later 
war years, PAW Districts 2 and 3 pro- 
duced about 88 percent of the total 
natural gasoline and related products 
produced in the United States. Statis- 
tics also show that the pipe-line trans- 
portation of these products in Districts 
2 and 3 increased to the extent that 
nearly 70 percent of the production in 
these districts moved by pipe line, of 
which about 20 percent was transported 
in crude-oil lines and nearly 50 per- 
cent was transported in clean lines (Ex- 
hibit 5). It is significant to note that 
the volumes transported in crude-oil 
lines alone exceeded the volumes trans- 
ported: by tank car. 

The increased transportation of natu- 
rals by pipe line would materially bene- 
fit the entire industry. Full benefit, how- 
ever, can only come when the refiner, 
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EXHIBIT 5 


How natural gasoline and allied products were 
transported in PAW Districts 2 and 3 during the 
latter part of the war period. 
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receiving naturals by pipe line, pays for 
them on a basis of their competitive 
value as raw materials. Even though 
more than 50 percent of natural-gaso- 
line production is now moving to mar- 
ket by pipe line, the natural-gasoline- 
plant operator still receives a price based 
upon non-competitive transportation by 
rail. In the past, the refiner’s need and 
willingness to pay high prices for vola- 
tility on a seasonal basis had home tend- 
ency to average out the return to the 
gasoline plant. I must direct your atten- 
tion to the importance of pipe-line 
transportation and commodity value to 
our industry in the face of recent changes 
in the supply and demand for volatility. 
The trend toward greater pipe-line 
movement of natural-gasoline products 
may make it possible for the refiner to 
consider these products on a competitive 
commodity basis. If the refiner can do 
this, the natural-gasoline-plant operator 
must stand ready to furnish products of 
the specifications desired. He must then 
develop other markets for his surplus 
volatility. On the other hand, if such 
pipe-line markets are not provided, and 
he is to survive in a competitive field, 
he must avail himself of some direct ap- 
proach to the markets. 

Because of my interest in the sub- 
ject I have been greatly impressed by 
the remarks of Colonel Ernest O. 
Thompson, member of the Railroad 


Commission of Texas, which pertain to , 


the production and utilization of light 
hydrocarbons, and which were part of 
his address on March 26, 1946. before a 
meeting of the Western Petroleum Re- 
finers Association in Fort Worth, Texas. 
Some of you heard Colonel Thompson’s 
address and others have read its repro- 
duction the same as I have, but those 
remarks which I wish to quote now will 
bear repeating over, and over, and over 
again. These quotations are as follows: 

“We intend to see to it that the gas 
produced with oil is either returned to 
the reservoir to maintain the reservoir 
pressure or to see to it that the liquid 
contents are first saved and then the gas 
is put into transmission lines for use in 
domestic, commercial or industrial use 
—gas wastage is going to be stopped 
in this state. 

“Unless refiners realize that the pro- 
duction of these light hydrocarbons is 
to -be a really maior factor in the indus- 
try, and unless. they plan their opera- 
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tions to utilize these light hydrocarbons 
to advantage, loss will be suffered both 
by them, in the delay in realizing the 
profits that can come out of converting 
these light hydrocarbons to maximum 
value, and by the producers of the light 
hydrocarbons, since they will not receive 
prices comparable with the true value 
of the materials they are producing. 

“Characteristically, refiners are some- 
times unfamiliar with the trends of the 
the production end of their business, and 
changes in their operating procedures 
come only as they are forced by the 
pressure of an accomplished change in 
their sources of supply. 

“As a generalization, it seems to be 
true that the lighter stocks gain pro- 
gressively in value with an increasing 
API gravity, at least up to a gravity 
of 60° API, when operations are prop- 
erly laid out to handle them. The gen- 
eralization naturally applies only because 
motor gasoline is the main product of 
the industry. 

“Up to the present time natural gaso- 
line has been consumed almost entirely, 
for control of vapor pressure and distil- 
lation range, as a blending agent in mo- 
tor gasoline. In this use it has been a 
rather essential component of the fin- 
ished gasolines. However, the demand 
has, as you know, fluctuated greatly with 
seasonal vapor- pressure requirements. 
The increasing production of natural 
gasoline will make the available quan- 
tity far greater than can be consumed 
for this purpose, and other means of 
converting it to a final marketable prod- 
uct will be necessary. 

“So I plead with you—plan to utilize 
these lighter hydrocarbons that are 
surely going to be made more and more 
abundant by our more rigid conserva- 
tion practices. 

“The Railroad Commission of Texas 
is determined to do its full duty in stop- 
ping flares of casinghead gas. These 
gases will furnish more and more your 
raw material. 

“Public opinion will demand that the 
products of conservation, which these 
raw materials are and which the greatly 
enlarged quantity will be, should be used 
first in making motor fuels and that the 
crude oil in the reservoir shall be 
brought forth only in sufficient quanti- 
ties to make up the difference.” 

I wish to say that I have quoted freely 
from Colonel Thompson’s address be- 
cause he has done a better job of an- 
alysis and the presentation of many of 
our problems and their solution than I 
can do. He has in his address suggested 
that the proper yardstick of conserva- 
tion may be a total hydrocarbon bal- 
ance of supply and demand. We must 
remember, however, that the solutions 
are relatively simple to state, but the 
balanced picture can be extremely com- 
plex to accomplish. .It can only be done 
by intelligent application of the re- 
sources available to the individual op- 
erator. I believe that true and real con- 
servation can be accomplished only with 
the full utilization of the lighter hydro- 
carbons produced with crude oil and 
natural gas. I hasten to sav also that it 
is my opinion that when economically 
transported, these raw materials, on the 
basis of their commodity value, will 
vield to the “ducér a fair and satisfac- 
tory return. And, finallv. I believe as 
Mr. Buchanan believed back in 1921, 
that we should tell people “what can be 
done with our stuff,” and further, that 
we should be prepared to demonstrate It. 
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THE )WonTH IN THE INDUSTRY 





Trend of Light Hydrocarbon Use Encourages 
Natural Gasoline Association Convention 


An expanding’ demand for liquefied 
petroleum gases and the use of light hy- 
drocarbons for petro-chemical process- 
ing were singled out as encouraging 
trends on the program of the twenty- 
fifth annual meeting of the Natural Gas- 
oline Association of America in Dallas, 
April 17, 18. and 19. J. H. Dunn, asso- 
ciation president, made it clear that the 
industry must work out its individual 
problems in the changing technology 
and economy of the petroleum industry. 

Since catalytic cracking allows the re- 
finery to provide greater quantities of 
lighter hydrocarbons, his need for na- 
tural gasoline has been lessened. Several 
speakers pointed to this trend with the 
admonition that natural gasoline will 
find an expanding use in motor fuel if 
its anti-knock characteristics can be 
made attractive. 

The Silver Anniversary Convention 
drew registration in excess of 800, high- 
est in the history of the organization. 


Silver Anniversary 

Recognition of the quarter century 
status of the association came at a lun- 
cheon April 18. Because of limited facil- 
ities attendance was by invitation. Of- 
ficials, directors, those on the program, 
past presidents of NGAA as well as the 
supply group, winners of the Hanlon 
Award and a few others made up the 
audience for taking notice of the fact 
that the association had passed its twen- 
ty-fifth anniversary. The association was 
26 years old but a program in recogni- 
tion was not possible in 1945 since no 
meeting was held. 

All officials were re-elected, J. H. 
Dunn, Shamrock Oil & Gas Corporation, 
Amarillo, president; John B. Atkins, The 
Parade Company, Shreveport; Paul M. 


~ 





Raigorodsky, Glen Rose Gasoline Com- 
pany, Houston; C. R. Williams, The Chi- 
cago Corporation, Corpus Christi, vice 
presidents; William F. Lowe, secretary- 
treasurer, Tulsa. R. D. Gibbs, Union Oil 
Company, Los Angeles, was elected a 


vice president to fill a vacancy by resig- . 


Wins Hanlon Award 


DR. W. N. LACEY 





Conventions 


June 
24-29—American Society for Testing 
Materials, annual meeting, Buf- 
falo. 


August 
25-28—American Institute of Chemi- 
cal Engineers, Western Section, 
San Francisco. 
September 
16-20—National Instrumentation Con- 
ference and Exhibit, Wm. Penn 
Hotel, Pittsburgh. 
18-20—-National Petroleum Associa- 
toe, Hotel Traymore, Atlantic 
City. 
October 
| 7-12—American Gas Association, At- 
lantic City. 
November 
11-14—American Petroleum Institute, 
annual meeting, Stevens Hotel, 
Chicago, 








nation of H. A. Ellis, formerly with 
Cities Service Oil Company. 

The officials and the following make 
up the board of directors: Phil D. Baker, 
Carter Oil Company, Tulsa; T. L. Tag- 
gart, Standard Oil Company of Califor- 
nia, San Francisco; Henry Brown, Mid- 
land Gasoline Company, Houston; C. E. 
Brock, Kansas Power & Light Com- 
pany, Wichita; George P. Bunn, Phil- 
lips Petroleum Company, Bartlesville; 
J. R. Butler, Cotton Valley Operators’ 
Committee, Cotton Valley; R. A. Car- 
ter, Continental Oil Company, Ponca 
City; T. R. Goebel, Shell Oil Company, 
Houston; Allen T. Givens, Coltexe Cor- 
poration, Monroe; Fred T. Ketchum, 
Owens, Libby-Owens, Tulsa; J. A. La- 
Fortune, Warren Petroleum Corpora- 
tion, Tulsa; H. W. Manley, Barnsdall 
Oil Company, Tulsa; Ralph Canfield, 
J. S. Abercrombie Company, Houston. 

Also Ray E. Miller,.Hanlon-Buchanan, 
Tulsa; I. Earl Nutter, Hagy, Harrington 
& Marsh, Amarillo; R. N. Parks, Vir- 
ginian Gasoline & Oil Company, Charles- 
ton; F. M. Perry, Cities Service Oil 
Company, Bartlesville; F. H. Townsend, 





Recognition of the Silver Anniversary phase of the annual meeting in Dallas April 17, 18 and 19 was the president’s luncheon. Officials, past 
Presidents, those on the program, winners of the Hanlon Award and a few special guests were invited to this event. Lack of space made it 
necessary to limit attendance. Election of directors and officials was the business before the group at this session. 
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Lone Star Producing Company, Dallas; 
James W. Vaiden, Skelly Oil Company, 
Tulsa; W. E. Winn, Sun Oil Company, 
Dallas. 
Lacey Gets Hanlon Award 

In presenting the Hanlon Award, J. 
H. Dunn, association president, gave a 
concise summary of the rapid growth of 
the natural gasoline industry. He said: 


Officials of the Natural Gasoline Association of America, left to right: John B. Atkins, The 


“As most of you know, the Hanlon 
Award is made each year in recognition 
of outstanding accomplishment in -the 
natural-gasoline and cycling industry. 
Many of you, however, may not appre- 
cite the increasing difficulty in making 
the selection. 

“This difficulty is a tribute to our 
growth and our success. When the Na- 
tural Gasoline Association of America 
was formed our industry had but few 
men of scientific training. Within that 
group only a limited number were priv- 
ileged to devote major attention to the 


Parade Company, Shreveport; C. R. Williams, The Chicago Corporation, Corpus Christi; and 


Paul M. Raigorodsky, Glen Rose Gasoline Company, Houston, vice presidents: William F. Lowe, 
Tulsa, secretary; J. H. Dunn, Shamrock Oil & Gas Corporation, Amarillo, president; R. D. Gibbs, 


Union Oil Company, Los Angeles, vice president. 


technology of natural gasoline. Conse- 


quently when this zward came to our 


sponsorship through the generosity of 
E. I. Hanlon accomplishment within that 
group had solved the matter of selection. 

“Now our field has enlarged. Within 
a quarter of a century this industry has 
developed so many men who are deserv- 
ing of this honor that designation of a 
single recipient is a test of investigation 
and judgment. This year, for the first 
time, your board of directors took ad- 
vantage of the counsel of the advisory 
committee before coming to a decision 
on the ninth name for the plaque now 
on display in the corridor outside of this 
room. 

“This man has made contributions to 
the whole petroleum industry. His in- 
vestigation into reservoir mechanics has 
provided convincing proof of the neces- 
sity of operating petroleum reservoirs 
under primary pressure control. This in 
turn has resulted in the orderly produc- 
tion of natural gas and has allowed the 
natural-gasoline industry to process gas 
from a given field with a minimum of 
investment and a maximum period of 
profitable operation. 

“Furthermore, his research has _ fur- 
nished the petroleum industry with pre- 
cisely measured and computed values of 
the thermodynamic properties of the 
pure hydrocarbons and of hydrocarbon 
systems, without which production en- 
gineers as well as gasoline-plant engi- 
neers would be seriously handicapped. 

“Also, application of his investigations 
and the clarity with which he has pre- 
sented them have resulted in increase re- 
covery of both liquids and gases from 
petroleum reservoirs. Thus it is fitting 
to stamp his work as benefitting the in- 
dustry, the nation and as a contribution 
to mankind. 


“The scope of his activity can be 
measured by the fact that he has been 
the author or co-author of 77 papers 
which have been printed in the technical 
journals since 1932. Meanwhile he has 


In keeping with the quarter-century tone of the convention an “Old Timers” organization got under way. The only requirement was "25 years 
or longer of intimate contact with the natural gasoline industry.” Not all of those qualified to wear the badge got into this group photograph. 
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The Fisher Type 430 Blending Valve is particularly designed to automatically 

—and with accuracy—control blending processes common to the petroleum 

industry. Fluids from two different storage tanks are accurately blended 

even though pump or inlet pressures vary. Liquids to be blended are brought 

to the pressure equalizing valves, which 

maintain equal pressure at both inlets 

of the proportioning valve. This valve 

controls flow of the two liquids in definite 

proportion as indicated by the scale. 

CAPACITIES: 30 to 900 G.P.M. 

SIZES: 3” and 6” Only 

PRESSURE RATING: 3”, 100 Ibs. per sq. in. 

6”, 150 lbs. per sq. in. 

Write today for complete 
specifications and prices 
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carried on the duties required of his pro- 
fession and during World War II he 
served under the Office of Scientific Re- 
search and Development, particularly in 
regard to rocket development. 

“It is unfortunate that duties in Wash- 
ington deprives us of the privilege of 
personally assuring him of the apprecia- 
tion we hold for his accomplishments. 


to the increase in board membership 
are: Cade Clover, Westcott & Greis, 
Tulsa; Dallas S. Deem, American Air 
Filter Company, Tulsa; Warner Lewis, 
Warner Lewis Company, Tulsa; J. N. 
McClure, Elliott Company, Kansas City; 
Paul Wallack, Walco Engineering 
Construction Company, Tulsa; Fred J. 
Wetzel, Ingersoll-Rand Company, Tulsa. 
Hold-over directors are: Roy Bush, 
Nordstrom Valve Division, Rockwell 
Manufacturing Company, Tulsa; L. D. 





In the absence of William N. Lacey, recipient of the Hanlon Award, M. L. Arnold, Richfield Oil 

Corporation and president of the California Natural Gasoline Association, accepted the watch 

and emblem chain. Later at a meeting of CGNA in Los Angeles, Dr. Lacey will be present for 

a reenactment of the Dallas presentation. J. H. Dunn, president of NGAA, left, above, is making 
the presentation. 


gut I know you will approve the man 
designated to receive the Hanlon Award 
for 1946, Dr. William Noble Lacey, pro- 
fessor at the California Institute of Tech- 
nology, Pasadena, California.” 


Supply Men’s Group 
Entertainment was provided by the 
affiliated Natural Gasoline Supply Men’s 
Association. A buffet supper and floor 
show the evening of April 18 drew at- 
tendance to the limit of facilities, and 
some who had registered could not be 
accommodated 

The supply group held its annual meet- 
ing April 17 when officials were elected, 
the board of directors increased to 15 
members and final preparations made 
for the entertainment. Officials are: F. 
J. Wetzel, Ingersoll-Rand Company, 
Tulsa, president; John Heinzerling, Vin- 
son Supply Company, Tulsa, and Roy 
Bush, Nordstrom Valve Division, Rock- 
well Manufacturing Company, Tulsa, 
vice presidents; J. A. Knebel, J. A. 
Knebel & Company, Tulsa, treasurer. 
William F. Lowe, secretary of NGAA 
holds a similar position in the supply as- 
sociation. 

The three men added to the board of 
directors are: V. C. Canter, Jones & 
Laughlin Supply Company, Tulsa; L. L. 
Dresser, Dresser Engineering Company. 
Tulsa, and J. A. Knebel, J. A. Knebel 
& Company, Tulsa. The six men elected 
in keeping with requirements previous 





152 









McKay, Union Steam Pump Company, 
Tulsa; John Heinzerling, Vinson Supply 
Company, Tulsa, and H. M. Rosevear, 
Wyatt Metal & Boiler Works,. Tulsa. 
J. H. Dunn, president of NGAA, is an 


ex-officio member of the board. 


Coleman Outlines Fuel 
Situation Before NPA 


The petroleum industry faces a grow- 
ing demand for its products in the opin- 
ion of Stewart P. Coleman, director of 
Standard Oil Company (New Jersey), 
who outlined his views before the semi- 
annual meeting of the National Petro- 
leum Association in Cleveland, April 18 
and 19. In analyzing products Coleman 
said that high demand for fuel oil by 
the Navy and War Shipping Adminis- 
tration had made it necessary to aug- 
ment the residual supply with distillate 
fuel oil. 

“Clearly,” he explained, “price adjust- 
ments. adequate to compensate for the 
distillate fuel added to the residual fuel 
are necessary to avoid serious financial 
loss to the refining industry on the addi- 
tional fuel oil required above normal by- 
product production. It is hoped this will 
be accomplished by the recently re- 
ported procedure whereby OPA. will 
permit payment by the Navy of prices 
for fuel oil which will cover the addi- 
tional value of distillate blended with 
residual fuel oil to meet Navy demands. 

“As the demands for fuel oil for mili- 
tary and shipping revert to a normal 
peacetime basis and as the fuel oil supe 
ply capacity of foreign sources is in- 
creased this condition will be corrected 
and it will then be possible for U. S. 
refineries to revert to the more eco- 
nomic operation of producing the mini- 
mum of heavy fuel possible when sup- 
plying requirements for gasoline and 
other light products. 

“In the future with the increasing util- 
ization of catalytic cracking it will be 
economic to produce still higher yields 
of gasoline and other light products at 











Officials of the Natural Gasoline Supply Men’s Association: J. A. Knebel, J. A. Knebel Company, 
treasurer; Roy Bush, Nordstrom Valve Division, Rockwell Manufacturing Company, vice president; 
Fred J. Wetzel, Ingersoll-Rand Company, president; John Heinzerling, Vinson Supply Company, 


vice president; William F. Lowe, secretary. 
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COOPER Valve Certification applies to all Stainless Steel parts which 
come in contact with the fluid being handled. Therefore, compliance 
to your specifications is automatic. You know you will get exactly 
what you need. 


In producing “Certified” valves COOPER registers the analysis of 
each heat and stamps each casting with its heat number. This new 
advance in foundry practice assures you of top quality and fullest 
protection, because every “Certified” Stainless Steel valve is posi- 
tively identified. Duplication of analysis is quick and simple. Mix- 
ups in storage are‘cut to a minimum. 

Standard types of “Certified” Stainless Steel valves offered now 
include: Globe, Gate, Y, Check, Needle, Quick-opening. COOPER 
valve users may obtain certificates on request with each unit 
specified. 

A complete line of Stainless Steel pipe fittings and intricate cast- 
ings of Stainless Steel, monel and nickel are also available. 

If you want to be able to forget about the parts that take the 
punishment in your Stainless Steel valves, write today for complete 
data about the COOPER Certification method. Or if you have a par- 
ticular valve problem, a COOPER engineer will be glad to assist you. 


THE COOPER ALLOY FOUNDRY CO. 


195 BLOY STREET—HILLSIDE, NEW JERSEY 





... and forget the 
parts that take the punishment! 


COOPER'S 25 YEARS 


Cooper’s quarter century in the spe- 
cialized study of Stainless Steel cast- 
ings is the foundation which maiti- 
tains the company’s unusual ability 
to produce sound castings. Today, 
the Cooper Stainless Steel foundry 
is the largest of its kind in the coun- 
try—with all services under one 
roof for full control of each pro- 
duction phase of your valve. 


CA-107 


Sold through largest Stainless ALLOY FOUNDRY CO. 


Steel distributors in the coun- 
try. Check with your local 
distributor. 









STAINLESS STEEL VALVES 
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the expense of residual fuel oil, thus 
conserving the U. S. crude oil supplies 
for the production of the maximum 
high-value products, relying on the for- 
eign fuel oil supplies to supplement bal- 
anced economic U. S. refinery opera- 
tions to meet demands for this product.” 
Paul G. Blazer, Ashland Oil & Refin- 
ing Company, reported that Ethyl Cor- 
poration had been promised a lead sup- 
ply for May equal to its April supply. 
Vacancies on the board of directors 
were filled by the following: J. Howard 
Marshall, Ashland Oil & Refining Com- 
pany; F> W. Bannerat, Jr., Elk Refin- 
ing Company; W. W. Vanderveer, Al- 
lied Oil Company; W. H. Bennett, 
Frontier Fuel Corporation; F. E. Miller, 
National Refining Company; C. Z. Hard- 
wicke, Ohio Oil Company, and S. W. 
Vochel, Waverly Oil Company. 


Celanese Corporation Makes 
Appointments at Texas Plant 


Celanese Corporation of America has 
announced appointment of Joseph E. 
Bludworth as director of petroleum 
chemical research and development. 
Bludworth, who has been concerned 
with the starting-up operations at the 
company’s chemical plant at Bishop, 
Texas, will assume active direction of 
research on petroleum chemicals and de- 
velopment pertaining to the processes 
being carried out at the Texas plant, 
and research and development programs 
pertaining to other petroleum chemicals. 


Prior to his work at Bishop, Bludworth, 


supervised the preliminary petroleum re- 
search program instituted in the Cela- 
nese Corporation plant at Cumberland, 
Maryland. He is a native of Flatonia, 
Texas. 

Kenneth E. Bowen has been ap- 
pointed manager of the Celanese Cor- 
poration chemical plant at Bishop. He 
formerly was plant manager of The 
Dow Chemical Company’s styrene plant 


’ J. E. BLUDWORTH 


at Velasco, Texas, and has been associ- 
ated with the Dow organization for the 
past 17 years. 


Krotz Assistant to President 
Of California Research 


Donald P. Krotz has been appointed 
assistant to the president of California 
Research Corporation, San Francisco. 





DONALD P. KROTZ 


Following graduation from Stanford 
University as a chemical engineer, Krotz 
joined Standard Oil Company of Cali- 
fornia at its Richmond refinery. After 
12 years in engineering, maintenance 
and distillatioin operations there, in 
1938 he was transferred to the depart- 
ment on organization in the San Fran- 
cisco office. 


Burners Must Adjust 
To Cracked Fuel Oil 


Furnace oil in the future may be com- 
posed almost completely of catalytically 
cracked distillate, it was predicted in a 
paper presented at a meeting of the Oil 
Heat Institute at Philadelphia by Arthur 
E. Pew, Jr., Dr. J. Bennett Hill and 
Dr. John R. Bates, Sun Oil Company 
refinery executives. They discussed “Ef- 
fects of Catalytic Cracking on Fuel Oil 
Supply,” and suggested that oil-burner 
manufacturers study designs for central 
heating units based on the use of fuel 
oil of the following approximate speci- 
fications: API gravity, 28-30°; 10 per- 
cent, 475° max.; 90 percent, 600° max. 


The petroleum industry, they said, . 


can make any type of fuel that burner 
manufacturers might want—at a price. 
However, “this price might be such that 
if burner owners were required to pay 
it your customers would be putting in 
grates and gas burners. It is purely a 
question of economics, and this we can- 
not change—only the OPA think they 
can do that.” 

It was pointed out that catalytic 
cracking produces both the highest qual- 
ity motor gasoline and a fuel oil which 
is clean, non-corrosive and yields more 
Btu’s per gallon. This fuel oil, however, 









is lower in gravity than virgin gas oils, 
and as the API gravity decreases the 
rate of combustion decreases and flame 
length increases. 

The authors suggested to burner man- 
ufacturers the goal of designing burners 
to this decreased combustion rate, in 
order to provide burner owners with 
better fuels which will also be competi- 
tive with coal and gas. 

To produce maximum gasoline with 
present-day cracking capacity requires 
3,100,000 barrels per day of charging 
stock, which must be obtained by pri- 
mary distillation from crude oil, it was 
pointed out. At today’s rate of crude 
runs to stills, maximum gasoline pro- 
duction would leave a deficiency in 
charging stock available for cracking 
of 416,000 barrels per day, according to 
analyses of crude oils from U. S. fields 
on a country-wide sampling basis, the 
paper stated. In order to overcome this 
deficiency, it would be necessary to run 
5,100,000 barrels per day of crude—near 
our present upper limit of capacity. 

In order to supply 50 percent virgin 
gas-oil for the required 400,000 barrels 
per day of home-heating-oil require- 
ments, runs to stills would have to total 
5,900,000 barrels per day, provided no 
additional cracking capacity is built. 
Best estimates do not predict such a 
crude run’ within the next 20 years, the 
authors said. 


Natural Gasoline Plant 
To Be Built at Slaughter 


A gasoline plant to process 100 mil- 
lion cubic feet of sour gas daily will be 
erected in the Slaughter field, West 
Texas, by Stanolind Oil & Gas Com- 
pany, The Texas Company, Honolulu 
Oil Corporation and Magnolia Petro- 
leum Company. Stanolind was desig- 
nated to construct and operate under 
the guidance of a committee of opera- 
tors. All lease owners in the 70,000-acre 
producing area have been invited to 
participate in the project, which has 
been under consideration for several 
years. A portion of the residue gas will 
be utilized for repressuring on a field- 
wide basis if a pilot plant now in op- 
eration proves successful. 


Seek Agreed Judgment 
In Oil Antitrust Suit 


Discussions which may lead to con- 
sent-decree settlement of the govern- 
ment’s suit against the oil industry and 
the American Petroleum Institute have 
been initiated between a _ negotiating 
committee of oil-company attorneys and 
the government. 

The oil group has had a meeting with 
Attorney General Tom C. Clark for a 
general discussion of the matter and an 
outline of the government’s position, 
and has also met with a negotiating 
committee from the anti-trust division 
at which, however, no concrete pro- 
posals were advanced by either side. 
The industry committee is expected to 
return to Washington soon for another 
round, at which tentative steps may be 
taken toward drafting concrete pro- 
posals. 


Gas Measurement Short 
Course Well Attended 


An attendance of more than 800 
gathered at Norman, Oklahoma, May 
23-25 for the twenty-first annual South- 
western Gas Measurement Short Course 
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5 Red Lead 


halts Rust-Producing 
ELECTRO-CHEMICAL ACTION 





No other protective paint for metal has ever 
known such wide acceptance by industry, 
through the years, as Red Lead. And re- 
cent scientific research has disclosed that 
Red Lead’s outstanding performance re- 
sults from basic characteristics of the pig- 
ment itself. 


Not the least important of these is the ability 
of Red Lead to halt electro-chemical ac- 
tion — the fundamental cause of rusting. 


In this action weak currents are generated. 
due to physical and chemical differences 
in the metal and to other factors. These 
lead to corrosion of the iron. 


These factors are always present, but their 
effects are eliminated by Red Lead. 


Here’s what happens: Red Lead, because of its 
singular composition, possesses properties 
which enable it to form a compact, tightly 
adherent, protective film, located at the 
interface of the metal and the paint coat- 
ing. See cross section diagram above. 


This film—-so thin that it is not apparent 
to the human eye— is in very intimate con- 
tact with the metal, and its formation halts 
electro-chemical action — and the corro- 
sion of the metal. 


Once formed, it is essential that the continuity 
of the film be maintained — if the shield 
is to be effective. When Red Lead pig- 
mented paint is used, any small breaks in 
the protective shield, due to abrasive ac- 
tion or otherwise, are readily healed. The 
metal remains in a rust-inhibited condi- 
tion as long as Red Lead coats the surface. 
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The invisible safeguard against corrosion 
This diagram shows the interfacial film, located at 
the metal and paint-film interface. The formation 
and the maintenance of this shield by Red Lead 
halts electro-chemical action ... safeguards the 
metal against rust. 








Specify RED LEAD for All Metal Protective Paints 


The value of Red Lead as a rust preventive 
is most fully realized in a paint where it is 
the only pigment used. However, its rust- 
resistant properties are so pronounced that 
it also imptoves any multiple pigment 
paint. No matter what price you pay, you'll 
get a better paint for surface protection 
of metal, if it contains Red Lead. 


Write for New Booklet “Red Lead in Corrosion 
Resisting Paints” is an up-to-date, authorita- 
tive guide for those responsible for specifying 
and formulating paint for structural iron and 
steel. It describes in detail the scientific rea- 
sons why Red Lead gives superior protection. 
It also includes typical specification formu- 
las. If you haven’t received your copy, address 
nearest branch listed below. 
. * * 


The benefit of our extensive experience with 
metal protective paints for both underwater 
and atmospheric use is available through our 
technical staff. 


NATIONAL LEAD COMPANY: New York 6; Buffalo 8; 
Chicago 80; Cincinnati 3; Cleveland 13; St. Louis 1; San 
Francisco 10; Boston 6, (National Lead Co. of Mass.); 
Philadelphia 7, (John T. Lewis & Bros. Co.); Pittsburgh 
30, (National Lead Co. of Pa.); Charleston 25, W. Va. 
(Evans Lead Division). 


Dutch Boy 


Reg. U. 8. Pat. Off. 


feed Lead 
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sponsored by the college of engineering 
of University of Oklahoma. Co-sponsors 
are Oklahoma Corporation Commission, 
Kansas Corporation Commission, Ar- 
kansas Oil & Gas Commission, Okla- 
homa Utilities Association, American 
Gas Association and Natural Gasoline 
Association of America. 

More than 50 papers were presented 
on problems pertaining to measurement 
and regulation of gas. Speakers and in- 
structors for the classes included in- 
structors from the university, represen- 
tatives of the gas industry and engineers 
from equipment manufacturers. Visitors 
were privileged to inspect the univer- 
sity’s engineering laboratories, and com- 
prehensive equipment displays were set 
up by manufacturers of measuring in- 
struments. 


Navy Gas Turbine Works 
At High Temperature 


Successful operation at a gas tempera- 
ture of 1350° F. has been accomplished 
in a series of successively increasing 
temperature tests on an Allis-Chalmers 
experimental gas-turbine plant installed 
in the United States Naval Engineering 
Experiment Station at Annapolis, it was 
disclosed in the first announcement con- 
cerning this project. Designed and built 
by Allis-Chalmers Manufacturing Com- 
pany for eventual operation with hot gas 
at a temperature of 1500° F., the 3500- 
horsepower unit is the first large multi- 
stage gas turbine for continuous power 
generation at high efficiency ever op- 


erated successfully at such high tem- 
perature. 
Although this highly significant gas 


turbine has been developed as a Navy 


project, its basic elements have char- 
acteristics suitable for both land and 
marine practice, according to Allis- 


Chalmers engineers. In carrying out the 
development in cooperation with the 
Navy, the company is utilizing its ex- 
perience in gas-turbine practice, as al- 
ready successfully applied to Houdry 
catalytic cracking, aircraft supercharg- 
ing and jet propulsion. 

Numerous mechanical, metallurgical 
and fluid-flow problems so prominent 
in gas-turbine development have al- 
ready been overcome and much has 
been determined about operating char- 


Trends of Operations 


Figures on crude stocks are from Bureau of Mines weekly reports; 


acteristics of the turbine and compressor 
in completed stages of the comprehen- 
sive test program. 

The multi-stage turbines in this in- 
-Stallation are designed for high effi- 
ciency. The Annapolis unit embodies in- 
novations in cooling methods, permitting 
the multi-stage turbines to operate safely 
at high inlet temperature by avoiding 
the undue weakening effect of the high 
temperature on the materials used for 
the rotating parts. 

The gas-turbine plant is arranged with 
two turbines operating in parallel, one 
turbine supplying the power required to 
drive the compressor, the second tur- 
bine furnishing the power necessary to 
satisfy the requirements of the driven 
machine or dynamometer. The com- 
pressor unit operates at a speed com- 
mensurate with the lowest possible fuel 
consumption. Fresh air enters the com- 
pressor at 40,000 cubic feet per minute 
and is discharged at a pressure of 45 
pounds per square inch to the heat ex- 
changer where it picks up heat from the 
turbine exhaust gases. The heated air 
then passes through two separate oil- 
fired combustion chambers where it is 
further heated to the desired turbine- 
inlet temperatures. The gases then ex- 
pand in two multi-stage turbines, one of 
which supplies the power to drive the 
compressor, the other furnishing ex- 
ternal shaft power. 

Careful to point out the experimental 
nature of the Annapolis gas turbine, 
Allis-Chalmers nevertheless indicates in 
its references to this major development 
project that it foresees a promising fu- 
ture for gas turbines, particularly in 
railroad locomotives, aircraft propulsion 
units, marine and electric-power gen- 
eration. 


Accident Severity Rate Down 
ButThere Were More Injuries 


The severity rate of accidents in the 
petroleum industry declined in 1945, al- 
though the frequency rate (number of 
accidents per one million hours worked) 
showed an increase, the annual report 
of the Department of Accident Preven- 


tion of the American Petroleum Insti- 
tute revealed. 
Deaths and permanent total disabil- 


ities incurred among the 368,133 workers 
reported were 126, as compared with 136 
in 1944 for 346,140 workers. Frequency of 


and Changes in Stocks 


all .others from American 


Petroleum Institute weekly reports, which are estimates on Bureau of Mines basis. 


(All figures in thousands of barrels—add 000) 


Gasoil and Distillate Residual Fuel 





Crude Oil Gasoline 
| | | : 
Trends in Production) Runsto | Stocks | Production| Stocks | Production) Stocks | Production) Stocks 
Week Ended: Daily (Stills Daily) Week End| Weekly |WeekEnd| Weekly Week End! Weekly | Week End 
1945: 

January 27 4,727 4,756 221,310 14,957 88,223 4,843 33,561 9,252 | 51,119 
February 24 | 4,777 4,808 219,351 | 15,500 95,972 4,958 28,753 9,084 46,713 
March 31. 4,781 | 4,677 223,782 14,644 | 98,758 4,548 26,889 | 9,184 41,745 
April 28 | 4's0s| '780 | aas'a7a | 14,683 | 94,068 4.636 | 28.273 |  9379!| 39.813 
ay 26 | 4,887 | 4,950 | 222,831 | 15,194 89,121 | 4,667 | 29,184 | 9,670 | 38,548 
June 30 4,903 | 4,999 | 220,781 | 15,546 * 86,472 | 4,910 | 32,213 9,077 | 40,488 
July 28 4,930 | 4,996 218,507 | 16,106 86,008 4,598 36,071 | 9,586 | 42,283 
August 25 | 4,892 | 4,931 | 211,813 15,986 84,693 4,960 39,782 | 9,356 | 46,201 
September 29 4,357 | 3,812 | 222,387 11,913 79,552 3,940 43,689 | 7,047 | 46,853 
October 27 4,273 | 4,838 | 224,230 15,530 74,335 5,159 43,472 8,691 | 45,943 
November 24. _| 4,469 | 4,648 | 219,363 15,681 | 83,184 4,802 45,258 8,800 | 47,474 
M  emeeed 29 4,474 4,729 | 218,918 14,546 95,205 5,055 36,651 8,765 42,447 

I g | 
January 26 4,626 | 4,553 | 220,544 13,622 107,737 5,720 29,498 8,411 | 39,722 
March 2 | 4,726 | 4,779 | 229,430 13,871 104,462 5,888 25,148 | 8,634 | 38,441 
March 30 | 4,425 | 4,684 221,214 | 13,896 104,715 5,357 28,240 | 8,738 37,746 
April 27 | 4,672 | 4,685 | *221,689 | 14,228 99,631 5,568 30,466 9,204 39,404 

le 








* Bureau of Mines, April 20. 
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accidents rose from 13.57 per one million 
hours worked in 1944, to 14.43 in 1945. 
The greatest reduction in serious accj- 
dents was in the refining branch, where 
deaths and permanent total disabilities 
dropped from 64 in 1944 to 40 in 1945, 
These occurred among 126,365 workers. 

Accident prevention work was begun 
by the institute in 1931. The accident se- 
verity rate that year was 2.06 as com- 
pared with 1.35 in 1945. 


Natural Gasoline Stocks 
Increased During February 


February production of natural gaso- 
line and allied products averaged 13,- 
516,000 gallons daily, a slight increase 
over the January average of 13,389,000 
gallons, the Bureau of Mines has re- 
ported. 

Stocks increased at both refineries 
and plants and terminals to reach a total 
of 245,400,000 gallons, the highest since 
September, 1942. Stocks at refineries in- 
creased from 77,532,000 to 84,798,000 
gallons and those at plants and terminals 
advanced from 133,893,000 to 160,602,000 
gallons, the report showed. 

The bureau reported February pro- 
duction as including 185,348,000 gallons 
of natural gasoline against 201,419,000 
in January; 23,970,000 gallons of natural 
gasoline mixture against 25,196,000; 34,- 
015,000 gallons of raw _ condensate 
against 37,899,000; 36,398,000 gallons of 
commercial butane-propane mixture 
against 41,419,000; 28,267,000 gallons of 
normal butane against 27,379,000; 22,- 
305,000 gallons of propane against 25,- 
990,000; 11,307,000 gallons of other 
mixtures against 12,362,000; 12,133,000 
gallons of iso-butane against 13,793,000; 
2,266,000 gallons of iso-pentane against 
3,271,000; 18,595,000 gallons of finished 
gasoline and naphtha against 22,441,000, 
and 3,830,000 gallons of other products 
against 3,887,000. 


ASTM Annual Meeting 
To Consider Oil Procurement 


Recent new activities of Committee 
D-2 on petroleum products and lubri- 
cants will be part of the report to the 
American Society for Testing Materials 
at its annual meeting in Buffalo June 24 
to 28. Committee D-2 recently set up 
sub-committees on light hydrocarbons, 
aviation fuels and cutting oils. 

At the annual meeting technical com- 
mittee B on lubricating oils will sponsor 
a symposium on oil procurement prac- 
tices. Five consumers are scheduled to 
describe methods of procuring lubricat- 
ing oils and it is planned to have oil- 
company representatives discuss pro- 
curement from their viewpoints. ; 


Widdell Elected President 
Arthur G. McKee & Company 


H. E. Widdell has been elected presi- 
dent of Arthur G. McKee & Company, 
Cleveland, succeeding Arthur G. McKee. 
All directors of the company were re- 
elected at a recent stockholders meeting, 
and there were no other changes in 0O!- 
ficers. ; 

McKee will continue to participate in 
the affairs of the company as chairman 
of the advisory committee of the board 
of directors, other members of this com- 
mittee being Widdell and Robert F. 
Baker, secretary and treasurer, one 0! 
the original partners of the McKee or- 
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The full-length guides machined in the body of 
PACIFIC VALVES mate to milled guide slots in the 
wedge. This construction permits closer fits, as- 
sures ease of operation, and — because the wedge 
cannot damage the seat rings in the process of 
opening or closing — it is safe and practical to 
install a PACIFIC VALVE in any position. 


PACIFIC VALVE & PUMP CO. 
2976 Cherry Avenue 


LONG BEACH 7, CALIFORNIA 





HHESE ARE THE (5 VITAL FEATURES 
vhich make PACIFIC VALVES outstanding ASK FOR THIS 


NEW CATALOG 






floating type self-aligning gland. © 2—Machined back seat feature permits repacking valve 
while in service. © 3—Forged T-head stem insures long life. © 4—Heavily ribbed body stabilizes 
wet faces. © 5—Straight-through ports provide higher flow efficiency. © 6—Ample by-pass pads, 
td proper drain boss are provided. © 7—A standard grease gun connection permits easy lubrica- 
‘mn of yoke sleeve and stem. ® 8—Hinged gland flange studs swing out of position, permitting easier 
packing of stuffing box.* © 9—Large stuffing box permits use of maximum amount of packing, 
"d insures longer service between re-packing operations. © 10—Dome-type bonnet provides maxi- 
‘wm safety under extreme pressures. © 11—Close-fitting male and female joint on bonnet flange 
"Series 300, and A.P.1. Ring Joint Flange on Series 600 and heavier, assure perfect alignment of 
“working parts, and lengthen gasket life. © 12—Heat treated stainless steel forged wedge of 350 
hinnell average hardness. © 13—Heat treated stainless steel seat ring of 250 Brinnell average hard- 
. © 14—Wall thickness beyond A.S.A. specifications insures long, “heavy-duty” performance. 
' 15—Machined guides in wedge and body permit closer fits—reduce wedge drag on seat rings, 
nd make it possible to install valve in any position. * *(Does not apply to Series 150.) 














tocked in Houston by F. M. TYLER & Co., 2930 Pease Ave., 
Tel: Charter 4-7722 
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ganization. McKee has, been president of 
the company since its incorporation in 
Pennsylvania in 1915, and later in 1920 
with its present Delaware charter. The 
business had been established in 1905 
when McKee, as consulting and con- 
tracting engineer, opened an office in 
Cleveland to serve the iron and steel in- 
dustry. 

Widdell’s first connection with Ar- 
thur G. McKee & Company was in 1925. 
At that time, seeking to enter the petro- 
leum refining field, the McKee company 
became associated with The Widdell 
Engineering Company, then prominent 
in the design and construction of petro- 
leum refining plants, and of which Wid- 
dell was the principal owner. Several 
years later, The Widdell Engineering 
Company was absorbed by Arthur G. 
McKee & Company, and since then Wid- 
dell has been a director and a vice presi- 
dent of the McKee company. 


Union Oil Company 
Announces Promotions 


W. C. Stevenson, formerly manager 
of the Oleum refinery of Union Oil 
Company of California, has been ap- 
pointed assistant to the executive vice 
president in charge of industrial rela- 
tions. George Hemmen has been ap- 
pointed manager at Oleum to replace 
Stevenson, who in his new position suc- 
ceeds H. B. Dean, recently retired from 
the company. 


Daniels and Pryor Join 
Petroleum Refiner Staff 


Two associate editors, L. S. 
and C. C. Pryor, have been added to 
the staff of Perroteum Rertner. Their 
duties will bring them in contact with 
the operating personnel of plants in the 
manufacturing division of the industry 

Daniels will devote his attention to 
refining plants, while Pryor will be 
concerned chiefly with activities in cy- 
cling and natural-gasoline plants. 

Daniels comes to PetroLeEuM REFINER 
from the staff of The M. W. Kellogg 
Company, New York. His schooling in- 
cluded study at Southern Methodist 
University, Case School of Applied 
Science and New York University. His 
experience in process design and plant 
operation included connections with 
Wyatt Metal & Boiler Works, Ampco 
Engineering Company, Shell Oil Com- 


Daniels 











A. J. L. Hutchinson 


pany, and Arthur G. McKee & Com- 


pany. 
Pryor is a graduate of Texas School 
of Arts and Industries, Kingsville, 


Texas, where he specialized in all phases 
of natural-gas processing as well as pro- 
duction. His background fits him for 


L. S. DANIELS 


keeping the industry posted on the rap- 
idly changing advancement of the proc- 
essing of lighter hydrocarbons. He was 
on the editorial staff of Petroleum Engi- 
neer after graduation. Next he joined the 
staff of The Brown Instrument Company, 
from which he came to PETROLEUM RE- 
FINER 


Fish Engineering Corporation 
Organized at Houston 


Fish Engineering Corporation, M.: & 
M. Building, Houston, has been formed 
to engage in the design and construction 
of processing plants in the oil and gas 
industry. Its activities will be chiefly 
in the natural-gasoline, cycling, natural- 
gas treating and dehydration, pressure 
maintenance, pipe-line transmission and 
compressor-station phases of the in- 
dustry. 

Personnel of the organization has been 
engaged in these activities in previous 
connections. 

Ray C. was with 


Fish, president, 





R. D. Ricketts 


C. B. Ames 












C. C. PRYOR 


Stearns-Roger Manufacturing Company 
as manager of its oil and gas division 
for 16 years. From September, 1943, 
until April, 1944, he was vice president 
of Tennessee Gas and Transmission 
Company, having charge of design and 
construction of the entire project. 

A. J. L. Hutchinson, chief process 
engineer, has been director of research 
for The Fluor Corporation for the past 
10 years. Previously he was connected 
with several oil companies as chemist 
and process engineer for 11 years. He 
also had 4 years as a consulting engi- 
neer. Hutchinson is a graduate of Stan- 
ford University. 

R. D. Ricketts, a graduate of Ohio 
State University, was associated with 
Stearns-Roger Manufacturing Company 
for 7 years. Previously he was in the 
engineering and operating division of 
Columbia Gas & Electric Company tor 
9 years. 

Cc. B. Ames was on the engineering 
staff of Stearns-Roger Manufacturing 
Company for 12 years. From October, 
1943, until April, 1944, he was in charge 
of engineering and construction for the 
contractor on the initial seven compres- 
sor stations and the dehydration plant 
of Tennessee Gas & Transmission Com- 


pany. ian 
L. Mullen was associated with 





O. L. Mullen 
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How to insulate a tank head that’s 
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4 HERE’S A WAY to insulate continuous filters 
a and other low-temperature vessels so that 
. dismantling and cleaning can be done easily 
without damaging the insulation. 
\ 4 To help maintain correct internal tem- 
o| ; peratures, Armstrong’s Corkboard in the. 
: proper thickness should be applied to the 
tank and head in hot asphalt or adhesive, 
and banded in place. But the insulation over 
the flanges can’t be applied this way, for the 
flanges must be accessible. To omit the in- 
sulation would mean excessive refrigeration 
loss, frost formation, and damage to the in- 
sulation on tank head and body. 

The problem. of accessible, insulated 
flanges is solved by installing the insulation 
° : so that it can be removed easily and quickly. 
Curved segments of Armstrong’s Corkboard 
are built up and fitted around the flange. 
Each segment is covered with sheet metal 
for extra protection and easy removal. When 
they’re bolted and banded on, the segments 
fit tightly, keep heat away from the flanges, 
prevent condensation and frost damage. 

If you have any problem involving main- 
tenance of temperatures, whether low or 
high, Armstrong’s engineers will be glad to 
help you solve it. Feel free to call on them 


™ _ at any time. Armstrong Cork Com- . 
i pany, Building Materials Division, 4 


Gini 7505 Concord Street, Lancaster, Pa. 
Insulation 
ever Flenges 


tl 
ry 














Af LEFT: Diagrammatic view of insulation 

on removable head of continuous filter 

_~ £ A, maintaining temperatures of —40° to 
ee : —60° F. Head is insulated with Arm- 
wi strong’s Corkboard 8” thick, protected 

Se eatin 7 with sheet metal. Tank body insulated 
a AOE CANE ‘ with 8” Corkboard, finished with Arm- 
LESSEE. : strong’s Asphalt Emulsion. Removable 

Weeden Rings, —— ULLE Pitas ages flange is 2 layers of Armstrong’s Cork- 
es ALAEEL EELS board each 3” thick, covered with sheet 
77). 2c a) 00) tDLa Quntud metal, and bolted to wood rings in tank 

LoL ELLE: cate head and body insulation, Granulated 

Deteil of Cross Section at Flanges a Sheet a ease cork fills the void around flanges. 




































ARMSTRONG’S INDUSTRIAL INSULATION 


Complete Contract Service 


For All Temperatures r 
To 2600 


. Fahrenheit 
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B-H NO. 1 INSULATING CEMENT 


A special rust inhiii<or, in this insu- 
lating cement, keeps metal sur- 
faces free from corrosion. No 
rust can form—even when 


the cement is allowed to 
dry out slowly on cold equipment. 

The basis of B-H No. 1 Cement is 
nodulated black Rockwool. Although 
applied with water, the nodules remain 
unchanged — insuring full insulating 
efficiency. This cement withstands 
temperatures up to 1800° F. under the 
most humid conditions. 

It can be stocked without breakage or 
loss, is easily applied even by an unskilled 
laborer, and is fully reclaimable when used at 
temperatures not exceeding 1200° F. 

In every way B-H No. 1 Insulating Cement is ideal for main- 
tenance work, especially for valves, fittings and irregular surfaces, 
large or small, and as a finish over blanket and block insulations. 

The coupon below will bring you full information and a 
practical sample of B-H No. 1 Cement. 


aldwin-Hill 


SPECIALISTS IN THERMAL INSULATION PRODUCTS 
Baldwin-Hill Co., 579 Klagg Ave., Trenton 2, N, J. 
Send information on products checked below: 


CJ Free sample of B-H No. 1 Cement C] Mono-Block—the one-block insula- 
[_] No. 100 Pipe Covering—effective tion for all temperatures up to 1700°F. 
up to 1200°F. (for long runs over- C] Black Rockwool Blankets (felted 
head, underground, Diesel exhausts) between various types of metal fabrics) 
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Northern Natural Gas Company for 6 
years after studying engineering at Kan- 
sas State College. Then he was on the 
engineering staff of Stearns-Roger Man- 
ufacturing Company for nine years and 
has charge of all construction. 


Parkhurst President 
Oronite Chemical 


George L. Parkhurst has been elected 
president of Oronite Chemical. Com- 
pany, subsidiary of Standard Oil Com- 
pany of California. He succeeds R. G. 
Smith, who continues as a member of 


| the board of directors. 





GEORGE L. PARKHURST 


Parkhurst formerly was vice president 


| in charge of products and processes. 


| he was 


During the war he served with PAW as 
assistant director of refining and later 
as contract executive. Prior to the war 
with Standard Oil Company 


| (Indiana) and was active in chemical 


circles in the Chicago area and else- 
where. He graduated in chemical engi- 
neering at Illinois Institute of Tech- 
nology in 1927 and continued graduate 
work in chemistry for three years, then 
four years of study at law gained him 


| a J.D. degree at De Paul University in 
| 1934. 


Indiana Establishes 


- Fellowships in 17 Schools 


Standard Oil Company (Indiana) has 


established 22 graduate fellowships at 


17 educational institutions. 

Fellowships in chemistry have been 
established at Northwestern, Illinois, 
Chicago, Wayne, Ohio State, Wisconsin, 
Iowa State, and. Johns Hopkins; in 


| chemical engineering at Massachusetts 


Institute of Technology, Minnesota, IIli- 
nois, Cornell, Carnegie Tech, and Prince- 
ton; in engineering at Michigan, Minne- 
sota, Iowa, Illinois, Purdue, and Illinois 
Institute of Technology; in civil engi- 


Petroleum Refiner—V ol. 25, No. 2 








r 6 
‘an- 
the 
an- 
and 


ted 
ym- 
m- 


| small TCC g 


in 


7 











HI 











May, 1946—A Gulf Publishing Company Publication 








161 


















Here's the AVSWE, KR 


76 your 


TUBE KOLLING 
VKOBLEMS 


AIRETOOL 


TUBE EXPANDERS are designed to meet the 
most exacting demands for correctly 
rolled joints. The fine alloy steels used by 
Airetool are heat treated by a special 


electrically controlled process to enable the tools to run 
cooler at high speeds and to give longer life. As a result 
maintenance and operating costs are reduced to a 
minimum. Sizes for tubes from 11/,” to 8” 1.D. 
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TUBE CLEANING 
PKOBLEMS 









AIRETOOL 


TUBE CLEANERS are air, steam or water 
driven by a 28% more powerful motor 
which can be loaded down to 50 rpm 
without stalling . . . made possible by 
Airetool’s exclusive balanced rotor and the air supply 
fed under the blades. Cleaners made in sizes '/." to 
24” 1.D., equipped with cutter heads that do not track, 
enable you to select an Airetool to lick your particular 
hard-to-do job. 


Write Dept. R for Helptul Bulletins on the use, selection and 
care of Airetool Tube Expanders and Cleaners. 


AIRETOOL “*tcvrany'’° 


SPRINGFIELD, OHIO 
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neering at Purdue; and in marketing 
and management at Northwestern. 

Fellowships will be awarded students 
working for master’s or doctor’s de- 
grees, and average $1500 a year. The 
work done will be basic research, and 
the results will be published in accord- 
ance with the usual academic practice 
Holders of fellowships will be under no 
obligation as regards subsequent em- 
ployment. The company will receive no 
rights to patents resulting from the 
work. 

Stanolind Oil & Gas Company, a 
subsidiary, will sponsor fellowships in 
geology at Yale, in chemistry at Penn- 
sylvania State, in geophysics at Cali- 
fornia Institute of Technology, in elec- 
tronics at Harvard, in accounting at 
Pennsylvania, and in petroleum engi- 
neering at Oklahoma, Michigan, and 
Texas. 





Leovy Retires After 42 Years 
With Gulf Companies 


F. A. Leovy, vice chairman of Guli 
Oil Corporation, retired May 1 after 42 
years with that company and its sub 
sidiaries. He began that association at 
Beaumont, Texas, in 1904, soon after th« 
Mellon interests of Pittsburgh made in- 
itial venture into the oil business in the 
then new Texas producing and refining 
area. His list of titles at time of retire- 
ment included: vice chairman of the 
board, a director and member of th: 
executive committee, finance committe« 
and annuity committee of Gulf Oil Cor 
poration; a director and chairman of the 
board of Gulf Refining Company, and a 
director and president of Mexican Guli 
Oil Company, Western Gulf Oil Com 
pany, Veriezuela Gulf Oil Company, 
Gulf Exploration Company, Gulf Re- 
search and Development Company, 
American International Fuel and Petro 
leum Company, Caribbean Gulf Oil 
Company, Colombian Gulf Oil Com 
pany, Darien Gulf Oil Company, and 
Magdalena Gulf Oil Company. 

















F. A. LEOVY 
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Abstracts of Papers Presented Before 


Division of Petroleum Chemistry, American Chemical Society 


Atlantic City, New Jersey, April 8-12, 1946 








Calculation of Solvent Extraction Equi- 
libria. V. A. Kalichevsky, Technical 
Department, Refining Division, Mag- 
nolia Petroleum Company, Beaumont, 
Texas. 

Heavy petroleum fractions should be 
regarded as a continuous phase exhibit- 
ing a gradual rather than an abrupt 
change in properties with the increase in 
refining severity, thus suggesting appli- 
cation of infinitesimal analysis to the 
study of related problems. On this basis 
a solubility equation for petroleum prod- 
ucts in various solvents has been de- 
veloped which finds a wide application 
over a range of solvent concentrations 
and temperatures. The method may be 
applied for comparing relative solvent 
efficiencies on mathematical basis which 
has not been possible in the past. Exten- 
sion of this method to double solvent 
systems or to the study of changes in 
oil properties on refining presents inter- 
esting possibilities for the future. 

Application of the infinitesimal meth 
od of analysis to estimation of losses in 
refining materials such as petroleum oils 
with solvents has been extended to pre- 
cipitation, dewaxing, double solvent, and 
mixed solvent processes. Suitable equa- 
tions for constructing solubility dia- 
grams were developed which are easily 
applied to the solution of practical prob- 
lems. Remarkable agreement is found to 
exist between the observed and calcu 
lated values, suggesting the use of this 
method for general interpolation and 
extrapolation purposes. 

Variations in losses with the number 
of extraction stages on refining materials 
such as petroleum oils can be calculated 
by employing the infinitesimal method 
of analysis. A general equation involving 
the quantity of solvent used, number of 
extraction stages, and temperature has 
also been developed. 

Summary of solvent extraction equa- 
tions is presented, showing some con- 
clusions that may be arrived at from 
their mathematical analysis. Efficiency 
of stage extractions is shown to decrease 
above or below a certain optimum tem- 
perature level, depending on nature of 
charge and solvent involved. 


Assembly, Testing and Operation of 
Laboratory Distilling Columns of 
High Efficiency. Charles B. Willing 
ham and Frederick D. Rossini, Ameri- 
can Petroleum Institute Research 
Project 6, National Bureau of Stand- 
ards, Washington. 

A description is given of the assembly, 
testing, and operation of the laboratory 
distilling columns used at the National 
Bureau of Standards in the work of the 
American Petroleum Institute Research 
Project 6 on the analysis and purifica- 
tion of hydrocarbons and in the work 
on the preparation of N.B.S. standard 
samples of hydrocarbons. The following 
topics are covered: assembly of distill- 
ing columns, including pot, rectifving 
section, jacket, head, reflux regulator, 
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receiving assembly, electrical heating 
system, thermometric systems, and con- 
trolled-pressure system; testing of dis- 
tilling columns, including test mixtures 
and results; and operation of columns, 
for both regular and azeotropic distilla- 
tions. Drawings of the equipment and 
apparatus are given, including the ar- 
rangement of the 15 distilling columns, 
measuring instruments, and = auniliary 
equipment in the distillation room. 


A Small Glass Center-Tube Fractionat- 
ing Column, I. A. Naragon and C. J. 
lewis, Beacon Research Laboratory, 
The Texas Company, Beacon, New 
York. 

An improved small glass center-tube 
fractionating column which can be easily 
reproduced is described and construc- 
tion details are given. The fractionating 
section which is surrounded by a sil- 
vered vacuum jacket is 30.5 cm. long 
and consists of an 8-mm. 1.D. outer tube 
and a 6.5-mm. O.D. center tube. Above 
the fractionating section a distributor 
is used which distributes the reflux from 
the head half to the outer tube and half 
to the center tube. The column is 
equipped with an automatic takeoff 
valve. It has an efficiency of over 75 
theoretical plates with an H.E.T.P. of 
less than 0.4 cm. 


Superfractionation Studies Composition 
and Octane Numbers of 0.5 Percent 
Fractions from an Oklahoma City 
Naphtha. C. C. Ward, R. M. Gooding, 
and B. H. Eccleston. 

This study shows relationships be- 
tween the composition and octane num- 
her of narrow-boiling naphtha fractions 
and shows the changes in octane num- 
hers as the distillation progresses. One 
hundred gallons of naphtha representing 
12 percent of Oklahoma City crude oil 
were superfractionated in a pilot plant 
unit having the equivalent of 80 to 90 
theoretical plates. One hundred fifty 
fractions, each representing 0.5 percent 
of the naphtha, were collected between 
73° and 258° F. The hydrocarbon com- 
position of each of these fractions was 
determined by use of specific dispersions 
and refractivity intercepts, and the F-3 
octane number of each fraction with 4.0 
ml. of TEL was obtained. Graphs indi- 
cate the relationships of composition to 
distillation temperatures, densities, and 
octane numbers. 


Calculation of Viscosity in Oil Blending. 
W. Andrew Wright, Sun Oil Com- 
pany, Marcus Hook, Pennsylvania. 
\vailable methods for computing the 

viscosity of blends of oils are not exact 

and are subject to large errors at times. 

The method described has been in use 

for several vears and has been proved to 

be much more accurate. It is even pos- 
sible by this method to calculate the 
viscosities of blends of lubricating oil 
and propane. The method is convenient- 
ly carried out on the ASTM viscosity 





charts, though it differs from the usual 
approximation procedure using these 
charts. Simultaneous allowance is made 
for variations in viscosity and constitu- 
tion. It is often necessary to make cal- 
culations on three-component blends. 
For any such blend to a specified vis- 
cosity and viscosity index, there is only 
one correct solution. A rapid graphical 
procedure is presented which imme- 
diately gives the direct solution to the 
problem. 


New Method for Calculation of Specific 
Dispersion of Pure Hydrocarbons and 
Petroleum Fractions. M. R. Lipkin 
and C. C. Martin, Sun Oil Com- 
pany, Experimental Division, Nor- 
wood, Pennsylvania. 

An equation is presented for the cal- 
culation of specific dispersion of petro- 
leum fractions with an accuracy of 
+3 10' units from density, refractive 
index, and approximate molecular weight. 
This equation is: 

§ = 98.3 + 2450 (n — near) + C 
where 6 = 10° X the specific dispersion at 
20° C., which is the difference 
between the refractive indices 
for the F and C lines of hy- 
drogen divided by the density 


n = refractive index for the so- 
; gel 
dium D line at 20° ¢ 
Neaye = refractive index, calculated by 


method of Lipkin and Martin 
and C = correction factor. 

C equals zero for pute hydrocarbons 
and petroleum fraction extracts contain- 
ing hydrocarbons of like type. For mix- 
tures containing hydrocarbons of ap- 
preciably different specific dispersion, 
such as ordinary petroleum fractions, C 
is a small correction factor 

The accuracy of calculated dispersion 
is comparable with the accuracy of 
measured dispersion obtained on the 
Abbe type refractometer. This calcula- 
tion makes it possible to obtain a spe- 
cific dispersion on a highly colored sam- 
ple or in a laboratory where no instru- 
ment is available for the direct measure- 
ment of dispersions. 


Determination of Cyclopentadiene and 
Dieyclopentadiene. Karl Uhrig, Elea- 
nor Lynch, and Harry C. Becker, 
Beacon Research Laboratory, The 
Texas Company, Beacon, New York. 
Methods are described for determin- 

ing cyclopentadiene and dicyclopenta- 

diene. Cvclopentadiene is determined by 
condensation with benzaldehyde to 
highly colored phenylfulvene, the inten- 
sity, of the color of which is a measur¢ 
of the cyclopentadiene present. None of 
the materials normally associated witlt 
it in hydrocarbon samples interfere. 
Since cyclopentadiene dimerizes rap- 
idly even at ordinary temperatures th« 
average sample will contain both mon- 
omer and dimer. The latter represents 
available cyvclopentadiene because it cam 





Vol. 25, No. 9 


Petreleum Re finer 











reirt 














in 


in 


Engineered 


@ FORGED STEEL CASE—Supported at the 
center-line to prevent distortion caused by 
changes in temperature—vertically split with ring 
type joints to assure tightness under all pressures 
and temperatures. May be lined with corrosion 
resistant material when necessary. 


GD REMOVABLE END COVERS—Of forgedsteel. 


3.) DEEP WATER-COOLED STUFFING BOXES— 
With renewable throats—reduce wear and pro- 
long life of packing. 


Q PACIFIC PATENTED FLOATING SEAL—Hy- 
raulically balanced—non-seizing—balances lat- 
eral thrust of rotating element and reduces pres- 
sure on discharge stuffing box to suction pressure, 


DIFFUSERS—Efficiently convert velocity en- 
ergy to pressure energy—assure perfect radial 
balance. 





6 POSITIVE STAGE-TO-STAGE SEAL—Seals 
a 


ce-to-face and metal-to-metal—all interior gas- 
kets eliminated. 


PRESSURE LUBRICATION—Provided for all 
arings by oil pump driven from pump shaft. 


PACIFIC TYPE | CENTRIFUGAL PUMP—May 
dismantled and re-assembled without break- 
ing suction and discharge connections. The rotor 


may be completely assembled outside of pump 
shell. 


RATING—Designed for speeds up to 3600 R.P.M. 
Sizes—2 to 8 inches. 
Capacities—75 to 2700 G.P.M. 
Differential Pressures—up to 2500 lbs. 


Operating Temperatures—up to 800° F. 


Write for Pacific Pumps Bulletin 80 


PACIFIC PUMPS INC., Huntington Park, Calif. 


One of the Dresser Industries 


Export Office: Channin Bldg., 122 E. 42nd St., N. Y. 


FL 1 BOILER FEED PUM 






¢ 
_— a 
(a: OOS A 
if?) be | 
ne 


PACIFIC “iyxc PUMPS 



































easily be depolymerized, and the method 
for its determination is a valuable sup- 
plement to the methods for determining 
the monomer. 

The dimer is determined by controlled 
depolymerization to the monomer which 
is determined colorimetrically as above. 
Cyclopentadiene originally present as 
such is determined separately. 


Determination of Ethylacetylene and 
Vinylacetylene in C, Hydrocarbon 
Gases. Paul R. Thomas, Leon Donn, 
and Harry C. Becker. 

A method is described for the deter- 
mination of ethylacetylene and vinyl- 
acetylene in an over-all C, hydrocarbon 


fraction. Total acetylenes are deter- 
mined by reaction with a 2.5 percent 
silver nitrate solution, and the nitric 


acid formed by the reaction is titrated 
with standard alkali. Catalytic hydro- 
genation is used to differentiate between 
ethylacetylene and vinylacetylene after 
corrections have been made for the 
hydrogen consumed by the olefins and 
1,3-butadiene. Olefins are determined by 
bromine addition and 1,3-butadiene by 
the use of maleic anhydride. Ethylacety- 
lene and vinylacetylene are determined 
within an accuracy of 0.8 percent. 
Methylamine and methyl mercaptan 
interfere and, if present, must be re- 
moved before the determination is made. 


Heats of Combustion and Formation at 
25° ©. of the Alkylbenzenes through 
CwH., and of the Higher Normal 
Monoalkylbenzenes. Edward J. Prosen, 
Walter H. Johnson, and Frederick D. 
Rossini, Thermochemical Laboratory 
and American Petroleum Institute 
Research Project 44, National Bureau 
of Standards, Washington. 

Values are given for the heats of com- 
bustion (in oxygen to form gaseous car- 
bon dioxide and liquid water) and the 
heats of formation [from the elements, 
solid carbon (graphite) and gaseous hy- 
drogen], at 25° C., for benzene, toluene, 
the four CsHw, the eight C,Hu, and the 
22 CwHu alkylbenzenes, in both the liquid 
and gaseous states, and for the higher 
normal monoalkylbenzenes in the gas- 
eous state. 


Heats, Equilibrium Constants, and Free 
Energies of Formation of the Mono- 
olefin Hydrocarbons Through the 
Hexenes and of the Higher 1-Alkenes. 
John E. Kilpatrick, Edward J. Prosen, 
Kenneth S. Pitzer, and Frederick D. 
Rossini, American Petroleum Institute 
Research Project 44 and Thermo- 
chemical Laboratory, National Bu- 
reau of Standards, Washington. 

For ethylene, propylene, each of the 

4 butenes, 6 pentenes and 17 hexenes, 

and for the higher l-alkenes, values are 

presented for the following thermody- 
namic properties to 1000° K. or to 1500° 

K: the heat of formation from the ele- 

ments, 4Hf°; the free energy of forma- 

tion from the elements, AFf°; and the 
logarithm of the equilibrium constant 

‘of formation from the elements, logwKf. 

For each of the 6 pentenes and 17 hex- 

enes values are also given to 1000° or 

to 1500° K., for the following proper- 
ties: the heat content function, (H® — 

H.°)/T; the free energy function, (F°— 

H.°)/T; the entropy, S°; the heat con- 

tent, H* — H.°; and the heat capacity, 


“yp 

Equilibrium constants and concentra- 
tions are given in tabular and graphical 
form for the isomerization of the 4 bu- 
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tenes, 6 pentenes, and 17 hexenes, as a 
function of the temperature to 1000° or 
1500° K. Equilibrium constants are also 
given in tabular and graphical form for 
some reactions of hydrogenation, dimer- 
ization, and alkylation. 

Consultant to the American Petro- 
leum Institute Research Project 44; 
University of California, Berkeley, Cali- 
fornia. 

Heats, Equilibrium Constants, and Free 
Energies of Formation of the Alkyl- 
benzenes Through C,H: and of the 
Higher Normal Monoalkylbenzenes. 
William Taylor, Donald D. Wag- 
man, Mary A. Greaney, Kenneth S. 
Pitzer, and Frederick D. Rossini, 
American Petroleum Institute Re- 
search Project 44 and Thermochemi- 


cal Laboratory, National Bureau of 
Standards, Washington. 
For benzene, toluene, ethylbenzene, 


the three xylenes, normal and isopro- 
pylbenzene, the three methylethylben- 
zenes, the three trimethylbenzenes, and 
the higher normal alkyl benzenes,, val- 
ues are presented for the following ther- 
modynamic properties for the gaseous 
state to 1500° K.; the heat content func- 
tion, (H° —Ho°)/T;. the free energy 
function, (F° —Ho°)/T; the entropy, 

S°; the heat content, H®° —H°O; the 

heat capacity, C,°; the heat of formation 

from the elements, MHf°; the free en- 
ergy of formation from the elements, 

AFf°; and the logarithm of the equi- 

librium constant of formation from the 

elements, logw Kf. 

Equilibrium constants and concentra- 
tions are given in tabular and graphical 
form for the isomerization of the four 
CsHw alkylbenzenes and for the eight 
CysH» alkylbenzenes as a function of the 
temperature to 1500° K. Equilibrium 
constants are also given in tabular and 
graphical form for some reactions in- 
volving alkylation (addition of olefin to 
benzene to form alkylbenzene), cycliza- 
tion (conversion of paraffin to alkyl- 
benzenes plus hydrogen), and trimeri- 
zation of acetylene to form benzene and 
of methylacetylene to form 1,3,5-tri- 
methylbenzene). 

A detailed discussion is given of the 
statistical calculation of the thermody- 
namic properties of the alkylbenzenes 
from spectroscopic and other molecular 
data. 

Molecular Volumes of Mononuclear 
aromatic Hydrocarbons, Nancy .Cor- 
bin, Mary -Alexander, and G. Gustav 
Egloff, Universal Oil Products Com- 
pany, Chicago. 

The molecular volume of 1-phenylal- 
kanes and 2-phenylalkanes at any -given 
fraction of the critical temperature is a 
linear function of the number of carbon 
atoms. Molecular volumes of 14 homolo- 
gous series of mononuclear aromatic 
hydrocarbons at 20° C. are also linear 
functions of the number of carbon 
atoms. Both of these relationships may 
be expressed by equations of the form 


M 
d 


V=a+bn 
where M = 
sity, V=molecular volume, and n= 
number of carbon atoms. 

The constants a and b are simple 
functions of the reduced temperature. 
These functions may be expressed by 
equations of the form 

aor b=k— pTr— qT’r 
where Tr = reduced temperature. 


molecular weight, d= den- 





Oxidation of Paraffins. O. L. Polly. 

Paraffin was oxidized by air blowing 
under mild conditions up to 250 acid 
number. Isolation of the oxidate acids 
showed the presence of four types and 
a lactide: 


1. RCOOH 
2. R:CH COOH 
| 
OH 
3. R:CH COOH 
| 
R:,COO 
4. Ry rs COOH 
R;CHCOO 
| 
OH 
4a. R, ogame ¢ 
| 
OOC— CH—R; 


The substituted acids are of the alpha 
variety, as indicated. 

A mechanism is proposed which de- 
rives the complex ester-acids directly 
from the paraffin chain, using molecular 
oxygen. The scheme is compatible with 
literature observations on the combus- 
tion of lower paraffins as well, and 
yields a .reasonable mechanism for the 
burning of methylene chains longer than 
three carbon atoms to CO: and water. 


Organic Peroxides from Petroleum. 
Adalbert Farkas, Andrew I. Smith, 
and Arthur F. Stribley, Jr. 

Peroxide concentrate ‘produced from 
selected petroleum fractions is a liquid 
containing 7 to 7.5 percent of active oxy- 
gen and consists mainly of hydrocarbon 
hydroperoxides. This material, offered 
commercially under the trade name 
“Uniperox,” is very stable ‘and is an 
excellent polymerization catalyst for un- 
saturated compounds such as styrene, 
aliyl esters, and styrene-butadiene mix- 
tures. Uniperox is also an efficient ig-- 
nition accelerator of good storage sta- 
bility for diesel fuels. The addition of 
1 percent of Uuniperox raises the cetane 
number of the fuel by 10 to 18 units and 
also improves the “cold starting.” 


Inhibitor Susceptibility of Some Pos- 
sible Lubricating Oil Components. FE 
C. Hughes, W. E. Scovill, and J. D. 


Bartleson, Chemical Research Divis- 


ion, The Standard Oil Company 
(Ohio). 

From an investigation of the oxida- 
tio inhibitor susceptibility of a few 


components representative of various 
molecular types of hydrocarbons in the 
lubricating oil range it has been shown 
that the single-ring aromatic hydrocar- 
bon types was the least stable and the 
most difficult to inhibit. The condensed- 
ring aromatic hydrocarbon types was 
the most stable and was readily inhibit- 
ed. The paraffinic hydrocarbon type was 
quite unstable to oxidation but was 
readily inhibited. When the single-ring 
aromatic hydrocarbon was mixed with 
the paraffinic hydrocarbon, the poor in- 
hibitor susceptibility of the aromatic 
predominated. There appears to be a 
detrimental reaction between condensed 
aromatic hydrocarbons and naphthenes, 
although this reaction is readily in- 


hibited if the condensed aromatic con- 
centration i§ not excessive. 

Since the physical properties of the 
single-ring aromatics fall between the 
paraffins and condensed aromatics, it 1s 
probable that the physical properties 
such as viscosity index and refractive 
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index cannot be used as an indication of 
oxidation stability and inhibitor suscep- 
tibility of any oil without regard to its 
refining and compounding. 


Adsorption-Desorption Isotherm Studies 
of Catalysts. A Comparison of Low- 
Temperature Isotherms of Ammonia 
and Nitrogen. Herman E. Ries, Jr., 
Robert A. Van Nordstrand, and Wil- 
liam E. Kreger, Research and Devel- 
opment Department, Sinclair Refining 
Company, East Chicago, Indiana. 
Adsorption, desorption isotherms of 

ammonia on a high area supported cata- 
lyst at liquid ammonia _ temperatures 
have been studied and are compared 
with those obtained using nitrogen at 
liquid temperatures. The results are dis- 
cussed with respect to surface area val- 
ues, hysteresis characteristics, pore vol- 
umes, pore radii, and heats of adsorp- 
tion. Experimental methods for the am- 
monia studies are -described along with 
an outline of possible explanations for 
the slow rate of approach to adsorption 
equilibrium. The Brunauer-Emmet-Tell- 
er and Harkins-Jura area values calcu- 
lated from the nitrogen isotherms of this 
study differ by less than 2 percent. 


Aliphatic Nitriles from Olefins and Am- 
monia. John W. Teter, Leonard E. 
Olson, and Herman F. Ries, Jr., Re- 
search and Development Department, 
Sinclair Refining Company, East Chi- 
cago, Indiana. 

A new catalytic process is introduced 
for the production of nitriles from refin- 
ery olefins and ammonia. Aliphatric 
nitriles, amines, and acrylonitrile have 
been produced in the pilot plant as pure 
chemicals. A typical unit is outlined and 
the flow sheet is given to illustrate the 
synthesis of aceto-, propio-, isobutyro-, 
n-butyro-, and n-valeroni-triles from ethyl- 
ene, propylene, and ammonia. Physical 
properties are given for these nitriles. 
Known type reactions of nitriles are 
summarized. Numerous derivatives are 
cited which can be produced economi- 
cally and which now can become inter- 
mediates for many industrial applica- 
tions, 


Nomenclature of the Sulphur Com- 
pounds in Petroleum. John S. Ball and 
William E. Haines, Petroleum and 
Oil Shale Experiment Station, Bureau 
of Mines, Laramie, Wyoming. 

A study of the nomenclature of groups 
of compounds which contain carbon, hy- 
drogen, and sulfur and which may occur 
in petroleum and its products results in 
the following recommendations: (1) The 
thiols or mercaptans. should be desig- 
nated by the suffix “thiol.” (2) The sul- 
fides, both open-chain and cyclic, should 
be named by using the term “thia” in 
conjunction with the name of the cor- 
responding hydrocarbon to indicate ‘a 
sulfur atom substituted for a carbon 
atom. (3) The disulfides would receive 
“dithia” names. (4) The identity of the 
thiophene nucleus should be retained in 
naming substituted thiophenes. 


A Catalytic Desulfurization of Petro- 
leum Distillates. G. W. Hendricks, H. 
C. Huffman, R. L. Parker, Jr., and R. 
I. Stirton. 

High-sulfur petroleum distillates boil- 
ing to 800° F. have been successfully de- 
sulfurized in the laboratory. The catalyst 
is active for the hydrogenation of or- 
ganic sulfur compounds to hydrogen sul- 
fide and hydrocarbons over a wide range 
of operating conditions. By choice of 
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conditions high-boiling stocks show 
good conversion to gasoline range naph- 
tha with concurrent desulfurization. 


Polytreating of Catalytically Cracked 
Gasolines. Vladimir Haensel and V. N. 
Ipatieff, Universal Oil Products Com- 
pany, Chicago. 

The treating of first-pass catalytically 
cracked gasolines in the presence of the 
solid phosphoric acid catalyst has been 
investigated. This process, called poly- 
treating, results in the formation of gaso- 
lines having a low olefin content and an 
increased lead susceptibility. 

The process employs temperatures 
from about 400 to 560° F. and pressures 
in excess of 400 psig, the preferred op- 
erating pressure being about 600 psig. 
The reduction in bromine number of a 
given gasoline is primarily a function of 
temperature and space velocity. Pressure 
has a minor effect provided that the 
operation is carried out under sufficient 
pressure to maintain a liquid phase. 


The Octane Rating Improvement of 
Olefinic Gasolines by Isomerization. 
Lloyd Berg, George L. Sumner, Jr., 
and C. W. Montgomery, Gulf Research 
& Development Company, Pittsburgh. 
Isomerization of olefinic gasolines can 

be accomplished with a minimum of 
such side reactions as cracking, hydro- 
forming, treating, aromatization, and 
cyclization. Optimum results are ob- 
tained at 375° to 425° C. reaction tem- 
perature, 0.3 to 1.3 hours” space velocity, 
and atmospheric pressure. The process is 
characterized by liquid yields in excess 
of 95 percent, usually 97 to 99 percent. 
Thermally cracked distillates are the 
best charge stocks because of their high 
olefin content and relatively low octane 
number. Octane number improvement 
averages approximately 4 units when a 
charge stock such as a _ debutanized 
thermally cracked distillate is subjected 
to isomerization. The most suitable cata- 
lyst is alumina maintained at the proper 
degree of activation, which is accom- 
plished by impregnation with anhydrous 
hydrogen chloride. The life of this cata- 
lyst appears to be very long if the burn- 
off is carefully controlled so that the 
catalyst is thoroughly cleaned yet never 
sintered. 


The Isomerization of Normal Butane as 
Catalyzed by Aluminum Bromide. The 
Effect of Oxygen and Other Pro- 
moters on the Reaction. A. G. Oblad 
and M. H. Gorin. 

The isomerization of n-butane as cata- 
lyzed by aluminum bromide was studied 
in this laboratory several years ago. Dur- 
ing the course of the investigation the 
effect of various promoters was deter- 
mined. Oxygen was discovered to be an 
outstanding promoter for the isomeriza- 
tion reaction and in the ensuing work 
most of the studies were concerned with 
the effect of oxygen. (Recently, a publi- 
cation from another laboratory has ap- 
peared on the effect of oxygen as a 
promoter, indicating concurrent activity 
in this phase of isomerization.) It was 
found that the rate of the isomerization 
reaction is unimolecular with respect to 
n-butane concentration; and at a given 
temperature is dependent on the alumi- 
num bromide concentration, oxygen con- 
centration, and amount of surface. The 
rate of isomerization was found to de- 
crease with time due to consumption of 
oxygen. The factors influencing oxygen 
and catalyst consumption were deter- 
mined. The promotional effect of oxygen 








was compared to that of other sub- 
stances. On the basis of the results of 
the various studies the mechanism of the 
promotion of alunminum bromide as an 
isomerization catalyst is discussed. It is 
suggested that surface is necessary in 
order to assure a polar medium in which 
the reactions involved can take place. 


Isomerization of Alkanes. The Water- 
Aluminum Halide Reaction and Iso- 
merization of n-Butane with the Re- 
action Product. R. C. Wackher and 
Herman Pines, Universal Oil Products 
Company. 

The effect of water upon the isomer- 
ization of n-butane, using aluminum bro- 
mide or aluminum chloride catalyst was 
studied by two methods, using a high 
vacuum technique. 

1. Aluminum halide was treated with 
various amounts of water, the mixture 
was heated, and any liberated hydrogen 
chloride or hydrogen bromide was 
pumped off. The resulting product, freed 
of noncombined hydrogen halide, was 
then used as a catalyst for isomerization 
of n-butane. 

2. Aluminum halide, n-butane, and wa- 
ter were contacted together. 

3y contacting n-butane at 25° with the 
catalysts obtained from the action of 
water on aluminum bromide, isomeriza- 
tion of n-butane occurred when the molal 
ratio of water to aluminum bromide was 
1, 2, or 3. When the molal ratio was 4, 
slight isomerization occurred at 25° but 
appreciably more at 80°, while with a 
ratio of 6, n-butane did not isomerize at 
all. 

A mechanism of isomerization is sug- 
gested. 


Impurities in Butadiene from Petroeum. 
C. E. Starr, Jr.. and W. F. Ratcliff, 
Esso Laboratories, Standard Oil Com- 
pany of New Jersey, Louisiana Divi- 
sion, Baton Rouge. 

Butadiene from petroleum sources is a 
low-cost, highly reactive hydrocarbon 
which has been used mainly for poly- 
merization to rubber, but which offers 
numerous possibilities for organic syn- 
theses. It is produced to contain concen- 
trations of butadiene-1,3 in excess of 98 
percent; the impurities comprise cheifly 
hydrocarbons, individually occurring in 
concentrations of from several tenths of 
1 percent to trace amounts. The nature 
and extent of these impurities have been 
ascertained by application of mass and 
infrared spectrometric measurements. 
The main impurities in refined petro- 
leum-source butadiene are the butenes; 
smaller amounts of C; hydrocarbons are 
included. 


Styrene Production by Catalytic Dehy- 
drogenation. Operation at Ordinary 
Pressures Using Benzene as Diluent. 
Julian M. Mavity, Earl E. Zetterholm 
and George Hervert, Universal Oil 
Products Company. 

Laboratory data are presented on the 
catalytic dehydrogenation of ethylben- 
zene over a chromia-alumina catalyst in 
the presence of benzene. Reduction of 
the partial pressure of ethylbenzene by) 
the diluent has the same favorable ef- 
fects of subatmospheric pressures, and 
in addition, the benzene serves as a 
heat carrier for the endothermic de- 
hydrogenation reaction. Benzene is rela- 
tively stable under the conditions used 
and has no deleterious effect on the 
catalyst. 

Benzene to ethylbenzene weight ratios 
varying from about 10 to 0 were in- 
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vestigated. Dilution .decreased conver- 
sion at high ethylbenzene space veloci- 
ties, increased it at low space velocities. 
At a given conversion, dilution improved 
styrene ultimate yield and reduced car- 
bon formation. Reduction of pressure 
below atmospheric in addition to the 
use of benzene diluent further improved 
the selectivity of the dehydrogenation re- 
action. 

Under preferred conditions (benzene 
to ethylbenzene weight ratio of 5, at- 
mospheric pressure, 3.8 ethylbenzene 
space velocity, and 581° C. at the catalyst 
bed inlet) the average conversion in a 
series of simulated recycle runs was 
34.8 perceht styrene ultimate yield 89.7 
weight/percent. 


Depolymerization of Butadiene Dimer. 
Thomas F. Doumani, Roland F. Deer- 
ing, and Art. C. McKinnis. 
Depolymerization of dimeric butadiene 

has been accomplished at temperatures 

from 510° C. (950° F.) to 704° C. 

(1300° F.) and at atmospheric pressure 

both in the presence and absence of 

steam. The first order reaction rate is 

given by log k=—14180/T + 8.37, 

where T is expressed in degrees Ran- 

kine. The activation energy, E is 64,900 

cal./mole. The depolymerization product 

contains 90 to 93 percent butadiene in 
the Cy cut. at temperatures from about 

538° C. (1000° F.) to 649° C. (1200° F.) 

with contact times from about 0.2 to 1.0 

second. 


Prima 
the Pentenes. E. Gorin, A. G, Oblad, 
and R. F. Schmuck. 

The optimum conditions for the pro- 
duction of diolefins by the pyrolysis of 
various pure pentenes and of pentane- 
pentene mixtures were investigated. 

Butadiene is the major diolefin pro- 
duced in the pyrolysis of pentene-1 and 
pentene-2. Small amounts of 1-3 penta- 
diene are simultaneously produced in 
the /pyrolysis of pentene-2. The largest 
yields of butadiene are produced by the 
pytolysis of pentene-2 at 750° to 800° C. 
and at pressure below 1/5 atmospheres. 
The main side reaction in the pyrolysis 
of the normal pentenes is cracking to 
light olefins. 

Isoprene is the principal diolefin pro- 
duced in the pyrolysis of the tertiary 
pentenes. A small amount of butadiene 
is simultaneously produced. The best 
yields of isoprene are obtained by the 
pyrolysis of trimethylethylene at 800° C. 

The paraffinic constituents in pentane- 
pentene mixtures were found not to con- 
tribute appreciably to the production of 
diolefins in the cracking of these mix- 
tures, 

The primary reactions in the decom- 
position of the pentenes were obtained 
by extrapolation from the experimental 
results. These are compared with the 
reactions predicted by the Rice free radi- 
cal chain hypothesis. It is shown that the 
Rice theory must be modified to account 
for all of the primary reactions observed. 


Ethylbenzene. High Yield and Rate of 
Production by Liquid-Phase Ethyla- 
tion. Alfred W. Francis and E. Emmet 
Reid, Socony-Vacuum Oil Compgny, 
Paulsboro, New Jersey. 

The ethylation of benzene with ethyl- 
ene by the Friedel-Crafts reaction in the 
liquid phase has been controlled so as to 
give an 80 percent yield of mono- 
ethylbenzene (at 0.35 mole ratio) on a 
once-through basis instead of about 48 
percent by the usual low-temperature 
operation. The conditions are 100° C. 
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and ethylene pressure of 100 to 300 
pounds applied above the catalyst. This 
operation also increases the reaction rate 


nearly 100-fold over some _ industrial 
processes. 
A mathematical analysis of yield 


curves permits an explanation of the im- 
proved yields; and seems to indicate 
that, contrary to a common opinion, the 
ethylation of benzene takes place at the 
same rate as that of ethylbenzene and 
other partly ethylated benzenes. Some 
observations are best explained by sup- 
posing that under suitable conditions the 
ethylation reactions are practically in- 
stantaneous. 

Yields of ethylbenzene reported in 41 
investigations are correlated, showing 
the relations to mole ratios of reagents, 
and to the reaction conditions. 

Conditions are given for making pure 
ethylbenzene using ethylene mixed with 
paraffins; or using a low concentration 
of benzene in a mixture with non- 
aromatic hydrocarbons. 


Monoalkylbenzenes by Vapor-Phase 
Alkylation. A. A. O'Kelly, J. Kellett 
and J. Plucker, Socony-Vacuum Oil 
Company, Paulsboro, New Jersey. 
The monoalkylation of benzene with 

low-molecular-weight olefins over silica- 
alumina catalysts of the type used in 
commercial catalytic cracking at elevated 
temperatures is accomplished with sub- 
stantial yields of monoalkylbenzenes at 
relatively low pressures (50 to 75 
pounds). The utilization of ethylene is 
found to be favored by (1) increased re- 
action time, (2) increased temperature in 
the range studied (428° to 496° C.), (3) 
increased molar ratio of benzene to 
ethylene (5 to 10). The last two factors 
also favored the monoalkylation of ben- 
zene. Small amounts of polyéthylben- 
zenes produced may be recycled in the 
charge stream to give increased vields of 
monoethylbenzene based on ethylene and 
benzene consumed. 

The catalyst indicates long life and 
sustained activity under the conditions 
used. A cyclic operation such as is used 
in catalytic cracking is adaptable to the 
production of monoethylbenzene wherein 
air regeneration of the catalyst is carried 
out at temperatures in the same range as 
reaction temperatures. 


Alkylation of Paraffins in Presence of 
Homogeneous Catalysts. Synthesis of 
Neohexanes Sand Triptane. A. A. 

- O'Kelly and A. N. Sachanen, Re- 
search and Development Laboratories, 
Socony-Vacuum Oil Company, Pauls- 
boro, New Jersey. 

Paraffins of normal and isostructure 
can be alkylated in the presence of small 
amounts of halogenated, nitrogen, or 
oxygen compounds as catalysts at tem- 
peratures ranging from 300° to 400° C., 
and under pressures of the order of 3000 
psi or more. This alkylation produces a 
series of paraffinic hydrocarbons, some 
of which are largely predominant and 
represent primary alkylation products. 
Their structure in’ general corresponds 
to that one might expect as a result of 
the interaction between tertiary or sec- 
ondary carbon atoms of paraffins and 
unsaturated carbon atoms of olefins. 
Alkylation of normal butane with ethene 
produces predominantly 3-methylpen- 
tene, of isobutane with ethene neohexane, 
of isopentane with ethene 3,3-dimethyl- 
pentene, and of isobutane with propene 
2,2-dimethylpentane with 2-methylhex- 
ane and triptane in smaller yields. 


Some Properties of Solutions of Iso- 
butylene in Sulfuric Acid. Boyd E. 
Hudson, Jr., Richard F. Robey, and 
Charles E. Morrell, Esso Laboratories, 
Standard Oil Development Company, 
Elizabeth, New Jersey. 

Solutions of isobutylene in 65 percent 
sulfuric acid have been studied with 
respect to their composition, density, 
total and partial vapor pressures, and 
tendency to form polymers. The olefin 
is shown to reside in the solution al- 
most completely in the hydrated form. 
Total vapor and aqueous partial pres- 
sures of solutions containing various 
amounts of the olefin were determined 
and the olefin partial pressures calcu- 
lated from equilibrium data in the litera- 
ture. The calculated values were con- 
firmed by extraction experiments. The 
rate of polymerization of isobutylene in 
the solutions appear to be unimolecular 
with respect to the molar acid concen- 


‘tration and independent of the olefin 


concentration in the temperature and 
concentration ranges studied. 


Primary Reaction Mechanisms in the 
Acid and Aluminum Halide Catalyzed 
Alkylation of Isobutane with Olefins. 
M. ‘H. Gorin, C. S. Kuhn, Jr., and 
C. B. Miles. 

Supporting evidence is presented for a 
simple mechanism which is highly suc- 
cessful both in predicting the likely 
products of the primary alkylation reac- 
tion and in excluding certain products 
which are not experimentally detected 
in important quantities. 

Other workers have adapted Whit- 
more’s concept of the “carbonium ion” 
to the present problem with consider- 
able success, but, in criticism of these 
mechanistic theories, it may be con- 
tended that they are too broad in allow- 
ing the formation of almost any alkane 
isomer by means of methyl group shifts 
within the intermediate carbonium ion. 

The present paper introduces the defi- 
nition of primary alkylation products 
as those alkanes which are formed pref- 
erentially and in high yields at low tem- 
peratures and short residence times. 
Formation of these products is ascribed 
to the simple addition of methyl and 
isopropyl fragments (from isobutane) 
to the olefin. | 

An attempt is made to distinguish 
between thermodynamic and kinetic fac- 
tors which determine the final alkylate 
composition. A number of types of sec- 
ondary isomerizations and _ rearrange- 
ments are discussed in relation to the 
primary alkylation process. Experimen- 
tal data are presented showing the ef- 
fects of certain process variables on the 
extent of competing reactions—e.g., hy- 
drofluorination and polymerization of 
the reactant olefins. 


The Mechanism of the Alkylation of 
Isoparaffins, Robert F. Marschner and 
Don R. Carmody. 

Direct evidence is presented that the 
alkylation of isoparaffins with olefins 
involves an important isoparaffin con- 
densation reaction, accompanied by re- 
duction of the olefin to paraffin. The 
evidence was readily obtained by study- 
ing the reactions with paraffins of olefins 
of different carbon content than the 
paraffin and includes: (a) consumption 
of twice as much isoparaffin as is re- 
quired by simple addition of olefin to / 
isoparaffin, (b) formation of paraffin 
equivalent to a large proportion of the 
olefin consumed, and (c) production of 
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The importance of specialized shop facilities for Make use of Grinnell’s engineering, metallurgical 


pipe fabrication is demonstrated convincingly by this research and pipe fabrication facilities when specifica- 
Grinnell-developed extruding machine. tions call for shop fabricated piping. 

The accurately extruded nozzles permit easier pipe GRINNELL COMPANY, INC. 
erection in the field by making each weld a plain cir- Executive Offices, Providence, R. I. 
cumferential butt weld. The smooth contours, accurate Pesvidinen: &. : - Gp eny egy Warren, Ohio 
positioning of the nozzle and the uniform wall thickness re 


are possible only because of this type of shop equipment 


designed for the job. LL 
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large amounts of paraffins with twice 
the carbon content of the isoparaffin em- 
ployed. Part of these product paraffins 
degenerate to smaller paraffins during 
the reaction. Tie ER AN 
The Dehydropolymerization of Certain 

Olefins in Sulfuric Acid and Its Rela- 

tion to Alkylation. M. J. Hartig, E. C. 

Hughes, and F. Veatch, Research Di- 

vision, The Standard Oil Company 

(Ohio). 

The reaction of the various butylenes 
in concentrated sulfuric acid was studied 
by means of the ultraviolet spectra of 
the unsaturated acid-soluble materials 
produced. Marked effect of temperature, 
acid strength, and olefin structure on 
the rate of this reaction was observed. 
The acid-soluble material produced dur- 
ing alkylation was also examined and 
found to be of similar structure on the 
basis of its ultra-violet absorption spec- 
trum. A study of the rate of formation 
of the acid-soluble: oil during alkylation 
indicated that it is directly related to the 
rate of drop in titratable acidity. Cer- 
tain deductions relative to some reac- 
tions during alkylation were made. 


Catalysts for Hydrocarbon Synthesis. 
C. H. Riesz, Fred Lister, and V. I. 
Komarewsky, Institute of Gas Tech- 
nology. 

The following is from the Division of 
Gas and Fuel Chemistry. 

Up to the present catalysts for the 
synthesis of liquid hydrocarbons from 
carbon monoxide and hydrogen have 
contained three or more components 
The function of the various constituents 
of these complicated catalysts has never 
been clearly elucidated. 

It has been proposed that the synthe- 

catalyst is in reality a “complex- 
action” catalyst which provides a _ sur- 
face-combining hydrogenating ability 
for reduction of carbon monoxide to 
methylene and polymerizing ability for 
combination of methylene groups into 
higher hydrocarbons. While other fac- 
tors enter into the reaction mechanism, 
the explanation of the role of the cata- 
lyst has been substantiated by the prepa- 
ration of active contacts which contain 
cobalt, nickel, or iron for hydrogenation 
and silica, alumina, or zinc oxide for 
control of polymerization. For liquid 
hydrocarbon formation, cobalt was the 
most effective hydrogenation ingredient 
while silica provided a suitable degree 
of polymerization; a cobalt-silica (75:25 
weight ratio) was found to be as active 
as a standard cobalt-thoria-kieselguhr 
catalyst. Nickel and iron were less satis- 
factory as hydrogenating components in 
the synthesis of hydrocarbon oils. Alum- 
ina and zine oxide, especially the latter, 
were more active in promoting the for- 
mation of gaseous products. 


sis 


Helium Production 


In the first report on helium produc- 
tion since Pearl Harbor, the Bureau ol 
Mines disclosed that in the last five 
fiscal years 370,787,000 cubic feet of the 
gas was produced, or more than 37 
times the 10 million cubic feet which 
the Nazis attempted to buy here in 1938. 

As a result of 25 years of research by 
the Bureau of Mines, it was declared, 
the cost of the gas was considerably less 
than 1 cent per cubic foot as compared 
with about $2500 a cubic foot when the 
bureau first began production. 
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Rigid refinery service tests have proven 
that THERMALLOY burner nozzles 
stand up against heat and corrosive con- 


ditions much more severe than they get 
in normal use. 


Certainly the continuing service life of 
THERMALLOY heat and corrosion 
equipment means dollars saved in the 
continuous operation of petroleum crack- 
ing units. KEEP YOUR INVESTMENT 
WORKING WITH THERMALLOY. 
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Fundamental Physical and Chemical Data 





Thermodynamic Properties of Me- 
thane. C. S. MatrHews aAnp C. O. Hurp, 
Trans. Amer. Inst. Chem. Engrs. 42 (1946) 
pp. 55-78. 

The increasing importance .of low- 
temperature fractionation and natural- 
gas liquid fractions requires that the 
thermodynamic properties of methane 
be available in convenient form for use. 
Several charts showing these properties 
have been published, but unfortunately 
they show wide discrepancies. Of these 
charts, only one covers the full range of 
usefulness, and the sources of the data 
on which it is based are unknown. The 
authors therefore decided to derive the 
thermodynamic properties of methane 
from fundamental data selected by a 
critical review of the literature and to 
present the results of the study in tabu- 
lar and graphical form. The pressure- 
enthalpy diagram given covers a range 
of conditions from saturated liquid and 
vapor at —280°F. to super-heated va- 
por at 500°F. and 1500 psia. The com- 


Chemicals Wanted 


| 
The National Registry of Rare 
Chemicals, Armour Research 
Foundation, 33rd, Federal, and 
Dearborn Streets, Chicago 16, IIli- 
nois, has received urgent requests 
for the chemicals listed below. If 
| anyone has one or more, even if 
| only one gram quantities, please 
inform the Registry. 
B,B’-Dithiocyano diethyl ether 
«,a’-Dichlorostilbene 
a,a-Dichlorodibenzyl 
2,4,5-Trichlorobenzal chloride 
2,4-Dichlorobenzal chloride 
2,4,5-Trichlorobenbyl chloride 
2,4-Dichlorobenzyl chloride 
Isopropyl cinnamate 
Elaidyl alcohol 
4,6-Dihydroxy-2-picoline 
2,3-Dichloroquinoline 
p-n-Propy!] and p-n-buty! phenol 
Melissic acid 
Lignoceric acid 
Montanic acid 
Cerotic acid 
Acetylene urea 
Dihydroxy thiophenes 
Dihydroxy thiapyrans 
5,5'-Dimethyl thioindigo 
Thianaphthalene 
cis Stilbene 


pilation includes values for vapor pres- 
sure, specific volume, enthalpy, latent 
heat, entropy, and the fugacity/pressure 
ratio. 

Boiling Points of Three Isomeric 
Heptanes. F. S. Fawcett, Ind. & Eng. 
Chem. 38 (1946) pp. 338-40. 


Boiling points of three isomeric hep- 
tanes, 2,2-dimethylpentane, 2,4-dimethyl- 
pentane, and 2,2,3-trimethylbutane were 
determined by the comparative dynamic 
method over the pressure range 1-15 at- 
mospheres and using n-heptane as the 
reference liquid. Modification of the Cot- 
trell abulliometer was used. This ap- 
paratus is described. The physical prop- 
erties of the three heptanes are given, 
including boiling point, density, refrac- 
tive index, and absolute viscosity. Va- 
por-pressure data are presented in tabu- 
lar form, 


Chart and Tables for Vapor Pressures 
of Organics Above 1 Atm. E. Benrt, 
Chem. & Met. Eng. 53 (1946) pp. 122-24. 


The article presents tables and charts 
showing the vapor pressures of 76 or- 
ganic compounds. The terminal condi- 
tions of pressure and temperature are 
given for all compounds in tabular form. 
The tables show the organic compounds 
boiling within various temperature in- 
tervals, and the temperature intervals 
within which the highest recorded boil- 
ing points of the various substances are 
found. 


Vapor Pressure-Temperature Nomo- 
graphs. S. B. Lippincott anp M. M. Ly- 
MAN, Ind. & Eng. Chem. 38 (1946) 


Nomographs are presented that give 
the vapor pressure-temperature relation- 
ships for all substances boiling from 
—50° and 550°C. If any two of the three 
related quantities, vapor pressure, tem- 
perature, and normal boiling point, are 
known, the third can be found by a 
single setting of a straight edge. The 
nomographs presented are based on a 
method for the correction of | boiling 
points to standard pressure in accord- 


ance with a modification of the inte- 
grated form of the Clausius-Clapeyron 
equation. The compounds are divided in 
eight groups and the nomographs rec- 
ognize these eight groups in their con- 
struction. 


Volumetric Behavior of 1-Butene. 
R. H. Ops, B. H. Sace, anp W. N. 
Lacey, Ind. & Eng. Chem. 38 (1946) pp. 
301-303. 


The industrial importance of 1-butene 
has increased because of its use in the 
production of synthetic fuels and rub- 
berlike polymers: Available data on the 
volumetric and phase behavior of 1-bu- 
tene are few. Such as are available are 
reviewed. The separation of 1-butene is 
described, including its purification. The 
volumetric and phase behavior of 1-bu- 
tene was determined experimentally at 
temperatures from 100° to 340°F. and 
at pressures up to 10,000 psi. The re- 
sults of the measurements made were 
found to correlate well with those of 
previous investigators. 


Hydrocarbon Azeotropes of Benzene. 
R. F. MARSCHNER AND W. P. Cropper, 
Ind. & Eng. Chem. 38 (1946) pp. 262-68. 


The investigation on which a report 
is made was undertaken to define the 
entire hydrocarbon boiling range over 
which benzene forms hydrocarbon azeo- 
tropes. The azeotropic behavior of ben- 
zene in solution with 10 nonaromatic 
hydrocarbons was studied, and the en- 
tire boiling range of the hydrocarbons 
with which benzene forms azeotropes 
at atmospheric pressure was established. 
The data indicate that the azeotropic 
behavior of benzene is more pronounced 
the higher the hydrogen-carbon ratio of 
the second hydrocarbon component. 
Benzene is a weaker azeotrope-forming 
substance than ethanol. The data: are 
presented to indicate the limitations im- 
posed in fractionation by the presence 
of benzene. The usefulness of benzene 
in certain instances as-an azeotropic 
agent is also indicated. Correlations 


‘were developed by means of which the 


compositions and boiling points of un- 
investigated benzene - non - aromatic hy- 
drocarbon azeotropes can be estimated 





Chemical Compositions and Reactions 





Vapor-Phase Nitration of Neopentane 
and Neohexane. A. P. Howe anp H. B. 
Hass, Ind. & Eng. Chem. 38 (1946) pp. 
251-53. 

The purpose of the investigation was 


to extend the vapor-phase nitration 
technique to neopentane and neohexane 
The vapor-phase nitration of these al- 
kanes might be expected to result in 
the production of all mononitro-paraffins 
theoretically possible by the substitu- 
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TYPICAL CUSTOMERS OF GIRDLER’S GAS PROCESSES DIVISION 





American Steel & Wire Company 


Arkansas Fue! Oil Company 
Armour & Company 

Atlantic Refining Company 
Bethlehem Steel Corporation 
Cabot Carbon Company 
Cardox Corporation 
Caterpillar Tractor Company 


Celanese Corporation of America 


Cities Service Gas Company 
Columbian Carbon Company 


Commercial Solvents Corporation 


Consumers Power Company 

Continental Oil Company 

Crucible Steel Company of 
America 

Dow Chemical Company 

East Ohio Gas Company 


Firestone Tire & Rubber Company 


Ford Motor Company 
General Motors Corporation 


B. F. Goodrich Chemical Company 


Goodyear Synthetic Rubber 
Company 

Gulf Oil Corporation 

Hercules Powder Company 

Imperial Chemical Industries 


Imperial Oil Company 

Jones & Laughlin Steel Corporation 

Lago Oil & Transport Company 

Lion Oil Refining Company 

Liquid Carbonic Corporation 

McKanie Gas Cleaning Company 

Mathieson Alkali Works 

Monsanto Chemicals, Ltd. 

Moraine Products Division— GMC 

National Cash Register Company 

Permanente Metals Corporation 

Phillips Petroleum Company 

Pittsburgh Steel Company 

Procter & Gamble, Inc. 

Pure Oil Company 

Revere Copper & Brass Company 

Shell Petroleum Corporation 

Skelly Oil Company 

Socony Vacuum Oil Company 

Southern Alkali Corporation 

Southern Cotton Oil Company 

Standard Oil Company of 
California 

Standard Oil Company of Indiana 

Standard Oil Company of 
Louisiana 

Standard Oil Company of New 
Jersey 


For your legitimate money’s worth 


in Gas Processes 


Sun Oil Company 

Sunray Oil Company 

Texas Company 

Tidewater Associated Oil 
Company 

Timkin Roller Bearing Company 

United Fuel Gas Company 

U. S. Rubber Company 

Wilscn & Company 








..... Geal with the organization 
that does business with these customers 


F A MAN is judged by the character 
[ of his friends, a company can be 
measured by the calibre of its cus- 
tomers. 

Listed here are some of the people 
who use Girdler gas processes plants 
—processes for gas manufacture, 
purification, separation, and dehy- 


WE DON'T GUESS ABOUT GAS ANO 


dration— processes involving hydro- 
gen sulphide, carbon monoxide, car- 
bon dioxide, inert and controlled 
atmospheres, natural gas, refinery 
gases, liquid hydrocarbons, hydro- 
gen, nitrogen. 

Girdler’s versatile, practical expe- 
rience—the many good customers 


CHEMICAL 
ENGINEERS 


CONSTRUCTORS 


Girdler has served in the past and 
intends to serve in the future—are 
your assurance of excellent service 


‘ and your legitimate money’s worth 


in gas processes. 

For a dependable, economically 
sound solution to your next gas proc- 
esses problem, get Girdler on the job. 


The GIRDLER CORPORATION 


Gas Processes Division, Dept. PR-5, Louisville 1, Ky. 


New York Office .. . 150 Broadway, New York 7, N.Y. 
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DURABLE 
DECORATIVE 
PLASTICS 


LAMICOID 


Some of the refineries use Lamicoid 
engraving stock, black over white, 
white over black, etc., for the manu- 
facture of signs, instruction plates and 
name plates. Stocks of these materials 





maintained in Houston. 


We also maintain stocks of | 
the following Lamicoid 
materials: 


Special canvas base grade, in various 
thicknesses, for pump valves, piston 
rings and similar articles. 


Black paper base materials for labo- 
ratory table tops, cafeteria table and 


counter tops. 


White, porcelain enamel-like sheets 
for cementing to plywood. 


Colored translucent materials for rear- 
illuminated panels, signs, columns. 


LIGNOLITE 


Black “Satin” finish and tan “Linen” 
finish for table and counter tops. | 


af bn if. 
SPER ERG RRR EY Ge 





HOUSTON, TEXAS 





tion of any single hydrogen atom or 
any single alkyl radical by the nitro 
group. Neohexane was found to give 
high yields of nitroparaffins, the figure 
being well above 40 percent of theoret- 
ical, even when no special effort was 
made to discover optimum conditions 
for the reaction. Among the nitro com- 
pounds prepared, 2,2-dimethyl-1-nitro- 
butane, 3,3-dimethyl-l-nitrobutane and 
2,2-dimethyl-1-nitropropane: are new 
compounds, 


Fluorinated Derivatives of Propane 
and Propylene. VI. A. L. HENNE AND 
T. P. WaAAackKeEs, Jour. Amer. Chem. Soc. 
68 (1946) pp. 496-7. 

A series of new fluorinated derivatives 
of propane and of propylene were pre- 
pared, partly for the purpose of making 
interatomic distance measurements. The 
compounds were intensively purified and 
their physical constants measured. The 


data are presented in tabular form. 
A 
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Simplified Methods for Calculating 
Stresses in Pressure Vessels. C. F. Bor, 
Chem. & Met. Eng. 53 (1946) pp. 114-16. 

The most difficult aspect of pressure- 
vessel design is to decide which formula 
will give results that are neither too 
conservative nor too unsafe. The de- 
cision in this regard involves a compar- 
ison of the several formulas and the se- 
lection of the one that is best. However, 
the formulas are too complicated to 
permit ready comparison. The author of 
the article has converted these formulas 
to a common and comparable basis. 
Thus the degree of conservatism in se- 
lection is made a visible quality that the 
designer can see. Consideration is given 
to thin- and _ thick-wall vessels, to 
spheres as well as cylinders, and ex- 
ternal as well as internal pressures. 


Packed-Tube Air Heaters. FP. H. 
Moore, Petrolewn (London) 9 (1946) 
pp. 2-3. 

Air heaters are used in refinery work 
for such purposes as the drying of bar- 
rels and the regeneration of spent ab- 
sorbents. If compressed air is available, 
packed tubes can be used. The packed- 
tube heat exchanger is about one eighth 
the length of the plain tube apparatus 
for equal throughput because of the 
greater heat transfer rate between the 
air and the tube surface. Methods of 
approximate calculation of such heaters 
have been prepared by the authors. The 
method is applicable to exchangers util- 
izing a 2-inch diameter steam-heated 
tube packed with any material of ap- 
proximately Y%-inch average diameter 
where the average temperature of the 
air in the tube does not exceed 200°C, 
and the quantity of free air required is 
not less than 1/70 cubic feet per second. 
A nomograph has been constructed for 
quick solutions of the problem. 


Low-Temperature Processing of Light 
Hydrocarbons. A. W. Pratr anv N. L. 
Foskettr, Trans. Amer. Inst. Chem. Engrs. 
42 (1946) pp. 149-63. 

The paper discusses the design and 
construction of several plants for the 
production of high-purity light hydro- 
carbons by low-temperature processing. 
A flowsheet is given for an ethylene pur- 
ification and recovery plant and the op- 
eration of the plant is described. Among 
the subjects considered are: compres- 
sion of the cracked gases, methane 
tower operation, ethylene tower opera- 
tion, fraction of the heavier components. 
refrigeration systems, drying of the 
gases, materials of construction, instru- 
mentation, and hydrogen sulphide re- 
moval. Experience has shown that the 
most economically satisfactory material 
for use at low temperatures is a low- 
carbon steel containing approximately 


3% percent nickel. The austenitic 
chromium-nickel steels have excellent 
properties for temperatures as low as 
—200°F., but their high cost makes their 
use prohibitive except for special items 
such as control valves or special fit- 
tings. The use of copper alloys that may 
have satisfactory low temperature prop- 
erties was avoided on account of pos- 
sible formation of explosive copper ace- 
tylides. , 

Local Efficiencies of Bubble Plate 
Fractionators. k. L. Geppes, Trans. Amer. 
Inst. Chem. Engrs. 42 (1946) pp. 79-106. 

A method is outlined for predicting 
the local efficiency on a bubble plate 
based on certain assumptions in regard 
to the fundamental bubbling phenomena 
involved. These assumptions, while ad- 
mittedly inexact, enable one to effect 
mathematical solutions for bubble size, 
interfacial area and time of contact, and, 
by proper use of the fundamental dif- 
fusion constants, to evaluate the local 
plate efficiency. Comparisons are pre- 
sented for the predicted and experi- 
mental efficiencies for a number of sys- 
tems. These indicate that the method 
reconciles the effects of changes in the 
variables over wide ranges. While the 
derivations were made for application 
particularly to bubble-cap columns, they 
appear to be applicable to many other 
problems involving the contacting of 
gas bubbles rising through a body of 
liquid. Among the applications of the 
method are included: fraction of ethyl 
alcohol water, the absorption of- carbon 
dioxide from air by water, the absorp- 
tion of propylene in hydrocarbon oils, 


the absorption of ammonia from air into 


water, the humidification of dry air, as 
well as some other examples in petro- 
leum technology. 


Multicomponent Fractionation Design 
Method. W. C. Epmister, Trans. Amer. 
Inst. Chem. Engrs. 42 (1946) pp. 15-32. 

A new method is presented for mak- 
ing the theoretical-plate and: component- 
distribution calculations required in the 
design of multicomponent fractionation 
equipment. This method applies new 
fractionation equations to both enrich- 
ing and stripping sections of the frac- 
tionator for an assumed number of theo- 
retical trays and reflux. By so doing the 
concentration changes for the distrib- 
uted components are found and_ the 
overhead and bottom products are esti- 
mated by combining the results at the 
feed plate. The effects of temperature 
gradient and variations in molal over- 
flow can be taken into account by using 
effective absorption and stripping fac- 
tors. defined as functions of terminal 
conditions only, or by using the absorp- 
tion and stripping factors for each plate 
in the series form of the equations. The 
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application of the equation is outlined 
in some detail and the method is ap- 
plied to typical examples. 

Empirical Equation for Theoretical 
Minimum Reflux. E. G. ScHEIBEL AND 
C. F. Montross, /nd. & Eng. Chem. 38 
(1946) pp. 268-72. 


In the distillation of binary solutions | 


the calculation of minimum refiux is 
relatively simple. However, in multi- 
component distillation work the prob- 
lem is more complex since the equili- 
brium curve is a function of the reflux 
ratio. The authors present an empirical 
equation for the calculation of minimum 
reflux ratio in the fractionation of multi- 
component mixtures. The empirical 
equation is divided into three parts: (1) 
the determination of the minimum re- 
flux ratio that would be required to sep- 
arate the key components if all lighter 
components had infinite volatility and 
all heavier components had zero vola- 
tility; (2) the determination of the in- 
cremental reflux required to separate 
the heavier components from the light 
key based on the actual volatilities of 
these heavier components; and (3) the 
determination of the additional reflux 
required to separate the lighter compo- 


nents from the heavy key, based on the | 


finite relative volatility of these compo- 
nents. The pseudo minimum reflux ratio 
can be calculated from the binary equili- 
brium curve for the key components. 
The additional reflux quantities are based 
on empirical functions developed from 
an analysis of the culculations for a 
large number of systems. The equation 
gives a direct calculation of the theoret- 
ical minimum reflux ratio and elimi- 
nates the trial - and - error - calculations 
characteristic of previous methods. The 
equation has been found to have an ac- 
curacy of about 1 percent in the cases 
usually encountered in practice. Several 
typical calculations are included in the 
context of the article. 

The Liquid-Phase Isomerization of 
Normal Paraffins Using a Fluid Salt 
Catalyst. S. H. McA.iister, W. E. Ross, 
H. E. RANpbLetT, AND G. J. CARLSON, 
Trans. Amer. Inst. Chem. Engrs. 42 (1946) 
pp. 33-54. 

The authors describe a commercial 
liquid-phase catalytic process for the 
isomerization of light saturated petro- 
leum hydrocarbons at moderate tem- 
peratures. The catalyst used was a mol- 
ten salt mixture consisting of anhydrous 
aluminum chloride dissalved in anti- 
mony trichloride together with hydro- 
gen chloride. The process is effected in 
an entirely continuous manner employ- 
ing continuous rejection of spent alumi- 
num chloride and contiuous catalyst 
make-up so that the catalyst is main- 
tained at a constant high level of activ- 
ity and a uniform product is thus ob- 
tained. A flow diagram is given showing 
the main pieces of equipment and the 
method of operation is outlined. Con- 
struction materials are discussed. Feed 
specifications are considered, and the ef- 
fect of the principal variables, tempera- 
ture, aluminum chloride concentration, 
hydrogen chloride concentration, cata- 
lyst to feed phase-ratio, and the hydro- 
carbon residence time are given for the 
lsomeyization of butane and pentane. 
l'ypical average results from commer- 
cial isomerization of these two hydro- 
carbons are included. The possible ap- 
plication of the process to the isomeriza- 
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You don't have to use 
calculus to determine how Helicoid 
Gages can save money. Nor do you have 
to be a Quiz Kid. It's a question of 
Simple arithmetic. 


If your average gage lasts 90 
days and the average cost is $10.00, 
your average cost per year is $40.00 
per gage. Since the Helicoid Gage 
will outlast the ordinary gage about 
10 to 1 and the average initial cost 
is the same, the use of Helicoid Gages 
will reduce your average cost per year 
to $4.00 per gage. Your saving in a 
year is $36.00 per gage, multiplied by 
the number of gages you use. 

These are conservative figures. 
We have heard of savings of $90.00 per 
gage in a year when the gage service 
is really tough. On the basis of using 
only 100 gages per year, that's 
a nice saving of $9,000.00. 


SEND FOR THIS CATALOG 


See your nearest distributor. 
Meanwhile send for our catalog— 
the only technical catalog 
published on pressure gages. 


HELICOID GAGE DIVISION 


AMERICAN CHAIN & CABLE 


Bridgeport 2, Connecticut 
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and Stills! 





Equipment downtime is non-pro- 
ductive time. So when you have 
to remove sludge and carbonized 
oil deposits from trays, bubble 
caps and screens, keep equipment 
downtime at a minimum by using 
specialized Oakite cleaning 
materials and performance-proved 


Oakite methods. 


Circulating hot solution of recom- 
mended Oakite material through 
equipment and then rinsing helps 
loosen and remove most accumu- 
lations that impair operating effi- 
ciency of towers and stills. The 
job is done “in. place”... no 
dismantling required . . . units get 


back into service faster. 


FREE Personal Help! 


The personal help of our Technical 
Service Engineer is readily available 
to you at all times. His wide, practical 
experience in handling this work can 
guide you to successful results . . . at 
surprisingly low. cost. Let us send you 
the full details. No obligation, of course! 


GCAKITE PRODUCTS, INC. 
508 Themes Street, New York 6, N.Y. 
Technical Service Representatives lecatad in All © 
Principe! Cities of the United Stetes and Conade 
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tion of hexane fractions is briefly con- 
sidered. 


The Production of Butadiene by the 
Dehydrogenation of Normal Butylenes. 
R. P. Russert, E. V. MurpPHREE, AND 
W. C. Assury, Trans. Amer. Inst. Chem. 
Engrs. 42 (1946) pp. 1-14. 


The authors discuss the development 
of the process of dehydrogenation of bu- 
tylene to make butadiene in the labora- 
tory, the pilot plant, and in the commer- 
cial unit. The discussion is limited to 
the dehydrogenation steps. For practical 
purposes it was found that the operat- 
ing temperature range is 1150-1250°F. 
at a superfiicial residence time of about 
0.2 seconds. The reaction is effected at 
about 25 to 30 percent conversion per 
pass, and at reduced butylene partial 
pressure in order to prevent butadiene 
degradation and excessive by - product 
formation. It is necessary to supply 725 
Btu/lb. of butene converted. To avoid 
excessive temperature drop in the cata- 
lyst bed, a heat-carrying diluent, steam, 
was used with the feed butylenes. A 
catalyst is used that is not poisoned by 
hydrocarbons, oxygenated compounds, 
or sulphur compounds in a refinery C, 
stream, nor by steam. The life of the 
catalyst in commercial operation is nor- 
mally two to three months. A cyclic op- 
eration is employed in which the gen- 
eration of the catalyst is accomplished 
by setting off butylene feed and allow- 
ing steam to remove coke from the cata- 
lyst by the water gas reaction. A flow- 
sheet is given showing the overall ar- 
rangement of the equipment and the 
flow of materials at the Baton Rouge 
plant. The operating experience of this 
plant is described, and the operating 
variables and problems are discussed. 
Data are given on plant costs and on 
operating costs. 





Removal of Chlorine and Gum Form- 
ers from Alkylates. R. G. HatpEMAN 
AND W. A. Parper, Jnd. & Eng. Chem. 38 
(1946) pp. 243-46. 


It is known that the presence of more 
than 0.001 weight percent of chlorine 
in the form of organic chlorides has a 
detrimental effect on the lead suscepti- 
bility of aviation gasolines. The prod- 
ucts from the reaction of isobutane and 
ethylene, using an aluminum chloride 
catalyst, contain several organic chlor- 
ides. The Army gum value of these al- 
kylates is high, and can be reduced at 
the same time that the chlorine is re- 
moved. Porocel was used in the investi- 
gation to remove organochlorides at 
500-700°F., 70 psi pressure, and at space 
velocities of 1 to 21 volumes of liquid 
feed per volume of catalyst per hour. 
Two alkylate feed stocks were used 
containing 0.0374 and 0.0794 weight per- 
cent of chlorine. The conditions of treat- 
ment in order to secure a minimum 
Army gum value were found to be crit- 
ical. Secondary reactions may produce 
gum-forming compounds. At 700°F. the 
curve for the alkylate of higher chlorine 
content passes through a sharp mini- 
mum value at a contact time of 3-7 sec- 
onds. At lower temperatures and for 
the alkylate of lower initial chlorine 
content the minima are less pronounced. 
No decrease in the rate of dehydro- 
chlorination was found at throughputs 
up to about 150 grams of feed per gram 
of catalyst. Even at high rates, approxi- 
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Sky view of the new Tidewater 
Associated plant at Bayonne, N. J. 
+++ one of the numerous vapor 
recovery plants designed and 
constructed by Petroleum Engi- 
neering, Inc. during its 16 years 
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A TREMENDOUS stride forward in building 
pressure vessels capable of safely withstanding 
the high pressures and temperatures of modern 
chemical and refining processes was the appli- 
cation, for weld inspection, of the million-volt 
X-ray’s penetrating eye. First to use this power- 
ful machine for this purpose was B&W. Every 
inch of main welds on every B&W-built pressure 
vessel is thoroughly explored for possible defects. 

This meticulous X-ray examination is typical 
of the uncompromising care and advanced tech- 
niques that go into every B&W manufacturing 
step to assure the ultimate in safe and sound 
process equipment. Forming, machining, weld- 
ing, stress-relieving—every production operation 
from start to finish of B&W pressure vessels—is 
performed on equipment specifically and scien- 
tifically designed for each purpose. Much of the 
equipment and types of construction are original 
B&W developments. 





Water-Tube Boilers, for Stationary Power Plants, for 
Marine Service . . . Water-Cooled Furnaces . . . Super- 
heaters . . . Economizers . . Air Heaters . . . Pulverized- 
Coal Equipment . . . Chain-Grate Stokers . . . Oil, Gas 
and Multifuel Burners . . . Seamless and Welded Tubes 
and Pipe . . . Refractories . . . Process Equipment. 
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First 1,000,000-volt X-ray machine for inspecting welds 
in pressure vessels was installed by B&W. It will reveal 
defects in welded plates up to 8 inches thick, a great 
advantage in building safe and sound pressure vessels. 


Because of its extensive facilities, scientific 
methods and diversified experience, B&W is ex- 
ceptionally well prepared to supply pressure 
vessels of any type . . . of simple or complicated 
design, of carbon, alloy or clad steels. So see 
B&W first for the last word in pressure vessel 
requirements for modern chemical and refinery 


processes. 
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A typicel installation 
of Saran plastic tub- 
ing that shows its ex- 
treme flexibility and 
fatigue strength. 
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of Seren plastic pipe 
thet shows some of 
the stondard fittings 
ovailable. 
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that could not save time, 
trouble and money by installing 
Saran plastic pipe and tubing 


for those piping systems for © 


which it is so peculiarly well 
fitted to perform an efficient 
and lasting job. Consult our 
Engineering Department or 
write for Catalog No. PT 46. 
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201 NORTH WELLS STREET 
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mately 80 percent of the chlorine was 
removed from the feed stock. 


Some Notable Wartime Oil Fires. 
V. J. Witmorn, Jour. Inst. Petr. 32 
(1946) pp. 1-9. 


Several oil fires, caused by bombing, 
are described, as well as the means em- 
ployed to extinguish them. It was found 
that the principle underlying extinction 
of an oil fire is to achieve the maximum 
possible rate of application of foam, 
which application should be at least 1 


gallon, per square foot of burning sur- 
face per minute, which means building 
a layer at a rate of 2 inches per minute 
in a tank. The foam layer should be at 
least 1 foot thick. Experience also 
showed that an effort to extinguish a 
fire should be confined to one tank at 
a time, in the meantime taking adequate 
steps to prevent the spread of the fire to 
other tanks that may be threatened. 
Fixed fire-fighing installations proved 
their worth. Brick walls around tanks 
proved a great protection against the 
spreading of fire by radiant heat. 
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Knock Ratings of Gasoline Substi- 
tutes. A. D. Puckett, J. Res. Natl. Bur. 
Standards 35 (1945) pp. 273-84 (Res. Pa- 
per No. 1673). 


Knock ratings were taken by three 
standard methods on gaseous paraffins, 
olefins, carbon monoxide, and on blends 
of ethanol, butyl alcohol, and acetone 
with one another and with hydrocarbon 
fuels, and on ethyl alcohol-ether blends. 
The gaseous paraffins and carbon mon- 
oxide have high knock ratings. Gaseous 
olefiins have lower ratings but still high 
enough to be used in present automo- 
tive engines. Ethanol-ether blends con- 
taining less than 45 percent by volume 
of ether give relatively knock-free per- 
formance under conditions of steady op- 
eration. Acetone, butyl alcohol, and 
ethanol, separately or. in blends, are sat- 
isfactory from the antiknock standpoint, 
and can be blended with petroleum 
naphthas to make motor fuels of satis- 
factory knock rating. When 30 percent 
by volume or less of ethanol is blended 
with gasoline of 40-60 ASTM motor oc- 
tane number, the improvement in knock 
rating is approximately 1 octane number 
for each percent of alcohol. Acetone is 
less effective than ethanol in these 


blends. 


Ignition Delay in Diesel Engines. F. 
STARKMAN, Trans. Amer. Inst. Chem. 


Engrs. 42 (1946) pp. 107-120. 


The application of a -diesel-engine 
equivalent in power and competitive in 
size and weight to a gasoline or Otto- 
cycle engine implies that the speeds of 
the machine also be comparable. To 
accomplish efficiency at higher speeds 
in a diesel engine it is necessary that 
shortened ignition delay time be real- 
ized. This may be accomplished by in- 
creasing the compression ratio, which 
leads to mechanical difficulties, increas- 
ing the intake air temperature, resulting 
in lowered volumetric efficiency, or im- 
proving the ignition quality of the fuel. 
The investigation reported in the paper 
was undertaken to examine ignition- 
delay relationships in a constant-volume 
bomb and in an engine. Data were taken 
using a constant-volume bomb and us- 
ing a diesel CFR engine in order to 
gain further insight into the factors af- 
fecting the delay time. Certain variables 
that complicate the combustion process 
in the engine can be eliminated through 
use of a bomb, and at the same time it 
is found that a reasonable correlation 
of results may be had between bomb 
and engine. The ignition delay times in 
the bomb and in the engine agreed 
within 10 percent for fuels exhibiting 
relatively long delay periods, but a mini- 


mum difference of 40 percent was found 
for fuels having relatively short delay 
periods. The failure of the data to cor- 
relate between bomb and engine for the 
latter fuels was attributed to the inabil- 
ity of the type of timing mechanism 
used on the bomb to resolve delay times 
shorter than five milliseconds into lesser 
intervals. The data also indicated that 
the ratio of air to fuel affected the delay 
time as did the density and temperature 
of the air in the combustion chamber 
for both bomb and engine. The bomb 
appears more useful as a tool for inves- 
tigating ignition phenomena than for 
predicting the ignition quality of the fuel 
as it would apply to an engine. 


Investigation of Piston-Ring Sticking 
in High-Duty Aero-Engines. A. LAniri 
AND E. MIKoLAJEwsKI, Jour. Inst. Petr. 32 
(1946) pp. 59-77. 

A theory of the mechanism of ring- 
sticking caused by oil deterioration is 
presented, particularly from the physico- 
chemical viewpoint, but with attention 
to the mechanical factors involved. 
Ring-sticking is caused mainly by the 
wedging action of carbonaceous “coke- 
like” substances formed in the grooves 
by decomposition of products of oil de- 
terioration. It appears that there is a 
critical and optimum set of conditions 
under which ring-sticking takes place 
Under these conditions a maximum of 
asphaltenic substances are formed and 
coked. From a consideration of asphaltic 
systems it is concluded that the flow 
behavior of the deteriorated oil and the 
nature and proportion of the interme- 
diate products of oil deterioration are 
the governing factors in ring-sticking, 
assuming that mechanical conditions re- 
main constant. The article is illustrated 
with a series of micro - photographs 
showing types and formations of sludge. 


Mechanism of Action of Organic Chlo- 
rine and Sulphur Compounds in Ex- 
treme-Pressure Lubrication. C. F. Prut- 
ton, D. TurRNBULL, AND G. Diouny, Jour 
Inst. Petr. 32 (1946) pp. 90-118. 

The mechanism of lubrication is re- 
viewed and discussed, as well as the 
possible modes of action of extreme 
pressure additives. The experimental 
work done is reported in some detail 
Iron sulphide and iron chloride are 
formed when organic sulphide or or- 
ganic chlorine compounds are present 
At temperatures above 200°C. iron sul- 
phide films form more rapidly than fer- 
rous chloride films. Active chloride ad- 
ditives react more rapidly with iron sul- 
phide or with sulphide-coated iron than 
with iron itself. It is supposed that ex- 
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FOR IMPROVED ABSORPTION AND SCRUBBING PROCESSES 


Elininate BREAKAGE— Increase VOLUME 


Goetze Raschig Rings, available in all sizes and of 
any metal desired, are gaining deserved popularity as 
an alternative to porcelain in the absorption and scrub- 
bing processes of the chemical, petroleum and allied 
industries. 

Here are the reasons why— 

Because they are metal, they eliminate costly and 
troublesome breakage. They enable you to increase 


volume without the danger of crushing. They provide — 


@ much greater absorption area for a given space. 


& fer 


Goetze Raschig Rings, dumped into the tower at 
random, are lighter than porcelain, give a larger free 
cross-section, larger full volume. They offer the best 
combination of low weight per unit volume, free 
volume, free cross-section and total surface. 

You can get the engineering details, prices, and de- 
livery of your requirements by writing us on yout 
company letterhead. 

GOETZE GASKET & PACKING CO., INC. 


8 ALLEN AVENUE, NEW BRUNSWICK,. NEW JERSEY 


Boston Cleveland Detroit Chicage 
Cincinnati San Francisco Los Angeles Buffalo 
Houston Philadelphia Pittsburgh Denver 
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The pot bellied stove with its narrow range of radiation 


would “‘freeze’’ operations in a modern office. 


In petroleum refinery too, outmoded equipment means 
sluggish production. Backed by twenty-two years ex- 
perience and skillful engineering, Alcorn heaters are 
providing peak productive efficiency in major refineries 


throughout the world. 


Let Alcorn help you with your heating problems. Send 


specifications today. 


ALCORN 


Combustion Company 


SCHAFF BUILDING, PHILADELPHIA 
Los Angeles - Houston «+ San Francisco + Tulsa 


















treme pressure lubrication is accom- 
plished by the combination of sulphur 
and chlorine additives in the fololwing 
steps: (a) as the contact points of the 
gear teeth heat, a film consisting prin- 
cipally of ferrous chloride is formed on 
the points according to the mechanism 
outlined; (b) as the temperature be- 
comes higher, the resistance of the fer- 
rous chloride films to shear becomes 
small, possibly due to fusion or low 
shear strength of the solid films at high 
temperatures. 


The Development and Lubrication of 
the Automotive Hypoid Gear. F. F. 
Muscrave, Jour. Inst. Petr. 32 (1946) pp. 
32.44. 

The author reviews the development 
and history of hypoid gears and extreme 
pressure lubricants. Advantages to be 
gained through the use of adequately 
lubricated hypoid gears are reviewed 
and discussed. Early attempts to make a 
practical lubricant for the first commer- 
cial hypoid rear axles are described. 
Growth of lubricant production facil- 
ities and the spread of hypoid gear 
manufacture in the period from 1931 to 
1937 is reviewed. Developments in the 
testing of extreme pressure lubricants 
are described and discussed. By 1937 the 
hypoid gear and its lubricants had set- 
tled down on a moderately scientific 
and serviceably satisfactory basis. The 
next stage in development occupied the 
vears until 1940, during which more sat- 
isfactory lubricants were produced and 
the basis for their evaluation became 
more firmly grounded as correlation 
grew between specification testing in the 
laboratory and actual experience in the 
field. During this period the extension 
of the use of hypoid gears into truck 
service took place, and development of 
concentrates of the sulphur - chlorine 
type was accomplished. In the period 
from 1940 to 1945 failures were practic- 
allv unknown, in spite of the millions of 
vehicles in operation. In some instances 
during this period a rust buffer was 
added to provide additional protection 
in those instances where an excess of 
free moisture might accumulate in the 
gear-case. A bibliography of 21 refer- 
ences is included. 


Book Review 


CRC Handbook 


Coordinating Research Council, Inc., 30 
Rockefeller Plasa, New York 20, New 
York. Price $7.00. 

The 1946 Handbook just published by 
Coordinating Research Council, Inc., 
contains a new section, Lubricants Re- 
search. Therefore it has been given the 
title CRC Handbook, instead of CFR 
Handbook, as were previous editions 
dealing only with fuel research. The new 
handbook is about twice the size of its 
1944 predecessor, and includes more 
than twice the number of authorized CRC 
test procedures, 44 as compared with 18. 
The 81 figures include charts, test pro- 
cedure data forms, and illustrations of 
test apparatus. Like its predecessors, this 
issue of the handbook is limited and its 
distribution partially restricted. 

In the handbook are presented the 
latest revised editions of CRC test pro- 
cedures, and information bearing on the 
development, use, and subject matter of 
these procedures, Included in the Fuel 
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Goslin-Birmingham Booth at the Chemical Exposition at Grand Central Palace 


Efficiency, reliability, low operational and maintenance costs 





have been for years outstanding and recognized characteristics 


of Goslin-Birmingham equipment. 


The general acceptance of G-B products is a tribute to ex- 
perience and to the consistently fine performance records of 
Evaporators, Condensers, Filters, Heavy Duty Kingboltless Mills, 
Vacuum Pans and Heaters... made by GOSLIN-BIRMINGHAM. 
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are easy to read accurately 
Seven in difficult locations 


Not only are WESTON thermometers _ inherently 
accurate over the entire scale, but their gauge-type 
dials with bold figures and divisions can be read 
easily ., . without error or guesswork . .. even in 
dim light or when mounted in difficult-to-get-at 
locations. 

Their all-metal construction, too, enables them to 
maintain their dependable accuracy over long 
periods, despite vibration or subjection to tempo- 
rary over temperatures. There are no vital parts to 
break or leak, nothing under pressure. 


WESTON thermometers are available in types, 
sizes and stem lengths for equipment mounting, as 
well as for all industrial and processing require- 
ments. Ask for Bulletin. 


© Weston. -Mede/ THERMOMETERS 


Weston Electrical Instrument Corporation, 655 Frelinghuysen Ave., Newark S, N. }. 
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Research section are Part 1, Motor 
Fuels; Part 2, Aviation Fuels; and Part 
3, Diesel Fuels; in the Lubricants Re- 
search section, Part 4, Engine Oils; and 
Part 5, General Lubricants. Appendix I 
deals with CRC materiel, and Appendix 
II presents bibliographies. 


Fuel Research Section 


A completely revised discussion of the 
nature and practical significance of va- 
por lock is a feature of the fuel research 
section. This was compiled and edited 
by a group whose joint experience cov- 
ers many years of laboratory investiga- 
tions of and operational experience with 
vapor lock, and is not available in any 
other published form. Five test proce- 
dures applicable in vapor lock research 
are included in this section. 

A discussion of the relationship be- 
tween equilibrium air distillation of avia- 
tion gasolines and minimum brake spe- 
cific fuel consumption is new, as are 
also tables giving the specification and 
significant inspection data for current 
and past batches of secondary reference 
fuels used in the knock rating of gaso- 
lines and the cetane-number rating of 
diesel fuels. The latter constitute a com- 
plete record of the secondary reference 
fuels used in knock and cetane-number 
ratings since such tests have been made 
in significant quantity. 

Analyses of the precision of labora- 
tory knock rating of motor fuels and of 
cetane-number ratings of diesel fuels 
have been revised to include the latest 
available data, as has the material pre- 
sented under the heading National Gaso- 
line Surveys. 

Other subjects dealt with in the Fue! 
Research section are: inspection tests of 
motor, aviation, and diesel fuels; labora- 
tory and full-scale evaluation of the 
knocking characteristics of motor and 
aviation fuels, and the laboratory and 
full-scale evaluation of diesel fuels; vola- 
tility and vapor lock of motor fuels; and 
motor surveys. 


Lubricants Research Section 

The notable achievements of the Co 
ordinating Lubricants Research Com- 
mittee in the three years since it en- 
tered the hitherto almost untouched field 
of cooperative research on automotive 
lubricants are summarized in the Lubri- 
cants Research section. 

Seven motor-oil-test procedures pre- 
sented in Part 4, Engine Oils, include 
five engine tests covering the ring-stick- 
ing, wear, deposit-accumulation, break- 
in, load-carrying, oxidation, and corro- 
sion characteristics of engine oils. The 
two remaining procedures are labora 
tory tests, one for the determination of 
stable pour point of diluted SAE oils, 
the other for foaming characteristics. 

In Part 5, General Lubricants, are in 
cluded five procedures for evaluating 
greases, which represent a portion of 
the work for which the Groups Working 
on Grease Projects were awarded the 
Naval Ordnance Development Award 
Also in Part 5 are nine procedures fot 
evaluating the following characteristics 
of universal-gear lubricants: ferrous 
metal protection, channeling, chemical 
activity toward copper, load-carrying. 
wear, stability, corrosion, and storage- 
solubility. Hydraulic fluids are also dealt 
with in Part 5, with the presentation 0! 
1 Test Procedure for Evaluating Lubri- 
cating Quality of Hydraulic Brak« 
F luids. 

In Appendix I a summary is given 0! 
materiel—publications, test apparatus 
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QUALITATIVE ANALYSES of feeds and products 
from all pilot runs are continuously performed in 
the Analytical Laboratory. Here, physical and chemical 
properties and other pertinent factors are assessed and 


MOTOR FUEL COMPONENTS are engine tested. 

Operating as ‘an adjunct to the Analytical Labora- 
tory, test engines measure octane rating and lead suscep- 
tibility of gasolines. Gaseous components are analyzed 
in the Mass Spectrometer. Catalyst structure is continu- 
ously studied in X-Ray diffraction equipment. The 
comprehensive findings obtained from such modern ana- 
lytical instruments form an important part of the com- 
plete report of the Analytical Laboratory. 


@pplied by ¢ 
Westions of ° y Kel 





carefully charted. When combined with utility statistics, 
operating conditions, and volume of yields from the 
pilots themselves, these data form a thoroughly sound 
basis for the final analysis by process engineers. 


HERE THE FACTS ARE TABULATED. And then, in 

the Process Design and Economics group, the com- 
plete data of the refiner’s proposed and present refinery 
operations are weighed, with reference to specialized 
local costs — labor, utilities, transportation —and the 
specialized price structure for products in the proposed 
areas, both as of today and thé foreseeable future. From 
this weighing of data comes a dependable, documented 
recommendation on which action can be safely taken. 
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No. $01. 125-pound 
American Standard R-S 
Butterfly Valve. De- 
clutching unit (pateat 
applied for) permits 
operation of the valve 
with either the hand 
wheel or the positioner 
cylinder. 


The R-S Butterfly Valve is controlled automati- 
cally by the line pressure and is actuated by the oil 
15 to 900 psi or hydraulic positioner cylinder attached to the 
Ser aie, gua, cteem, valve. If the line pressure decreases, the valve 
liquids and semi-solids Vane slowly closes until the predetermined line 
pressure has been reached, at which time the 
valve vane automatically reopens. 

The dotted lines indicate the piping necessary 
to maintain a constant upstream pressure. 

The use of an R-S Butterfly Valve as a main 
control valve provides unexcelled flow charac- 
teristics, simplifies performance, prevents water 
hammer and reduces maintenance. Operates for 
pressures between absolute and 900 pounds 
gauge. State your requirements and ask for 
Catalog No. 14-B. 






























No. 529. 30-inch R-S Butterfly 
Valve with extension shaft for 
high pressure drops and heavy 
duty service. Only four to ‘six 
revolutions of the handwheel 
are necessary for wedge-type 
closure. 





VALVE DIVISION 


R-S PRODUCTS CORPORATION 


120 Berkley Street + Philadelphia 44, Pa. 


BUTTERFLY VALVES 
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reference and test fuels and lubricants— 
made available by or through the Co- 
ordinating Research Council, Inc., for 
use in its test procedures or research 
programs, and directions are given for 
obtaining such materiel. The bibliog- 
raphies of Appendix II are classified 
according to subject matter, and are 
complete lists of all authorized reports 
on CFR and CRC research appearing in 


the publications of the two sustaining 
| members, the American Petroleum In- 


stitute and the Society of Automotive 
Engineers, together with other pertinent 
articles. 

The 1946 CRC Handbook -is the third 
of a series, the first of which was pub- 
lished in 1941 by the Cooperative Fuel 
Research Committee. In 1942, the: auto- 


motive-petroleum research initiated in 


1922 in the creation of the CFR Com- 
mittee was expanded in the organiza- 
tion of the Coordinating Research Coun- 
cil, Inc., by the American Petroleum 
Institute and the Society of Automotive 
Engineers. The Cooperative Fuel Re- 
search Committee, as the Coordinating 
Fuel Research Committee, became one 
of the Council’s three technical commit- 
tees, and issued the second CFR Hand- 
book in 1944. The Coordinating Lubri- 
cants Research Committee, whose work 
is represented in the new section of the 
1946 CRC Handbook, took over, on its 
formation, the programs of five SAF 
committees. The Coordinating Equip- 
ment Research Committee, the third of 
the technical committees, represents the 
equipment design and operating view- 
point in the fuels and lubricants re- 
search. A War Advisory Committee acts 
as a liaison body between the armed 
services and the Council, and an Assign- 
ment Committee performs similar func- 
tions for industry. 


Baker Superintendent 
Lubrite Division 


Charles P. Baker has been made gen 
eral superintendent of the East St 
Louis, Illinois, plant of Lubrite Division 
of Socony-Vacuum Oil Company. Since 
his discharge from military duty on Jan- 
uary 1, 1946, he has been assistant to 
W. H. Montgomery, manager of the 
Lubrite refinery. 

Baker received his degree in chemi 
cal engineering at Texas A. & M. in 
1934, after which he joined Magnolia 
Petroleum Company. During this em 
ployment he was loaned to Houdry 
Process Corporation for work in its de- 
velopment laboratories at Marcus Hook, 
Pennsylvania, and later to Socony- 
Vacuum Oil Company’s development 
laboratories at Paulsboro, New Jersey 
He was serving as technical adviser to 
the operating department of Magnolia 
Petroleum Company’s refinery at Beau 
mont when he entered active military 
service as a second lieutenant in July, 
1942. His services were requested by 
Petroleum Administration for War, and 
after advancing to the rank of major he 
became chief of the aviation section ot 


PAW. 


Leonard Refineties Lets 
Contract for TCC Plant 


Leonard Refineries, Inc., Alma, Mich- 
igan, has contracted with Catalytic Con 
struction and Engineering Company, 
Philadelphia, for erection of a small- 
scale Thermofor Catalytic Cracking 
plant, under license from Houdry Proc- 


| ess Corporation. 
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) GATE VALVE yn this 
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; Simplicity ... and sturdiness ... these are the two outstanding 
design characteristics of Kennedy Bronze Gate Valves. There are 
: no small, quick-wearing parts that might cause undue maintenance 
expense. The heavy bodies and bonnets, large stems with heavily 
proportioned contact threads, long-proven disc mechanisms, large 
bonnet hexes and wide pipe-end hexes all combine to provide extra 
5 strength, long life and low maintenance expense. 

; You can obtain these extra-value Kennedy Bronze Gate Valves 
in a complete range of sizes and for all pressures up to 300-lb. steam. 
. They are available with non-rising stem, rising stem, quick-operating 
lever and outside screw and yoke ... screwed and flanged .. . inside 


bP hhh 





; screwed bonnet and union bonnet... a type for every standard 
requirement. The 240 page Kennedy Catalog describes these valves 
in detail ... your copy sent on request. 


Buy From Our Distributor 





THE KENNEDY VALVE MFG. CO. 


Elmira, New York 
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Digest of Recently Issued United States 


Patents Pertaining to Petroleum Refining 


Compiled by HEINZ HEINEMANN 











ALKYLATION 





U.S.P. 2,395,775. Production of Hydro- 
carbons. J. Anderson and R. C. Cast- 
ner to Shell Development Company. 
Isobutane and n-butylene are alky- 

lated in the presencé of concentrated 

sulfuric acid. Alkylation products are 
separated from used acid, which is 
then employed to purify. A hydrocar- 
bon mixture containing isobutylene 
and n-butylenes is contacted with the 
spent acid to separate at least a part 
of the iso-butylene from n-butylene. 

[-butylene and purified benzene are 

then alkylated in the presence of used 

sulfuric acid while n-butylene is charged 
to the first alkylation step. 


U.S.P. 2,396,144. Aromatic Hydrocar- 
bon Alkylation. J. Anderson, E. F. 
Bullard and S. H. McAllister to 
Shell Development Company. 
Benzene is treated with sulfuric acid 

of 95-99 percent concentration at 15 

25°C. for 3 minutes. The treated ben- 

zene is admixed with propylene in a 

ratio of 3-10 mols of benzene to 1 

mol of propylene and the mixture is 

fed into a circulating stream of an 
emulsion of benzene containing hydro- 
carbons and sulfuric acid of 80-90 per- 
cent concentration at 40-50°C. so as to 

maintain at the point of contact a 

molar ratio of benzene: olefin of 50:1 

and a volume ratio of acid: hydrocar- 

bon phase of between 0.7:1 and 1.3:1. 

Products are separated and recycled 

except for the cumene produced. 


U.S.P. 2,396,198. Alkylation of Hydro- 
carbons. FE. F. Pevere, S. A. Clarke 
and G. B. Hatch to The Texas Com- 
pany. 

A low-boiling isoparaffin and strong 
sulfuric acid are continuously intro- 
duced in liquid phase to and passed 
through a plurality of agitated reaction 
zones where they are contacted in 
liquid phase with an olefin. Reaction 
products and acid are continuously 
withdrawn, a minor proportion of the 
acid is discharged while the major por- 
tion is recycled in controlled amounts 
to each of a plurality of zones in order 
to provide a high acid hold up and 
maintain in each of the zones a weiglit 
ratio of acid to total hydrocarbon of 
between 2:1 and 5:1. The weight ratio 
of acid to hydrocarbon is substantially, 
greater in the reaction zones than in 
the fresh feed 


U.S.P. 2,396,486. Paraffin Alkylation 
Process. S. A. Ballard to Shell De 
velopment Company. 

Paraffinic hydrocarbon of relatively 
high molecular weight are produced 
from isoparaffinic hydrocarbons of low- 
er molecular weight and olefins. The 
normally gaseous secondary and _ter- 
tiary olefins, having at least three C 
atoms per mol are contacted with HCl 
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to form the corresponding alkyl mono- 
chlorides which in turn are alkylated 
in liquid phase with the isoparaffin at 
10-30°C. and in the presence of con- 
centrated sulfuric acid. A molar ratio 
of 2:1 for isoparaffin to alkyl chlor- 
ide is maintained. - 


U.S.P. 2,396,682. Production of Alkyl 
Aromatics. D. R. Carmody to Stand- 
ard Oil Company (Indiana). 
Ethylene from a_ refinery fuel-gas 

stream is absorbed in a polyalkyl aro- 
matic hydrocarbon. Benzene is alky- 
lated with the ethylene in the en- 
riched absorption medium without prior 
separation of ethylene and absorption 
medium. Sulfuric acid, metal halides 
and HF can be used as catalysts for 
the Alkylation reaction. 


U.S.P. 2,396,683. Production of Alky- 
benzene. D. R. Carmody to Stand- 
ard Oil Company (Indiana). 

\ dilute benzene stream is alkylated 
with propylene at 450°F. in the pres- 
ence of a supported phosphoric acid 
catalyst. Polyalkylate is contacted with 
a second quantity of supported phos- 
phoric acid catalyst at a temperature 
above 450°F. and a mono alkylate frac- 
tion which predominates in isopropyl- 
benzene is recovered. 


U.S.P. 2,396,844. Alkylation of Paraffin 
Hydrocarbons. A. V. Grosse and C. 
B. Linn to Universal Oil Products 
Company. 

\ hydrocarbon fraction containing 
minor amounts of alkyl fluorides pro- 
duced by the alkylation of isoparaffins 
with olefins in the presence of HF is 
contacted with a dehydrofluorinating 
catalyst. Alkyl fluoride is decomposed 
to HF and olefin and the HF thus 
formed is reacted with NaF or KF to 
form a metal fluoride-hydrogen fluo- 
ride addition compound while the ole- 
fin is recycled. The metal fluoride-HF 
compound is periodically decomposed 
by heating and HF is recycled. 


U.S.P. 2,396,965. Hydrocarbon Conver- 
sion. H. J. Passino to The M. W. 
Kellogg Company. 

An alyklated aromatic hydrocarbon is 
produced from an alkylated aromatic 
hydrocarbon of higher molecular weight 
by contact with an aromatic hydrocar- 
bon of lower molecular weight in the 
simultaneous presence of both HF and 
BF,. Toluene is thus obtained from 
xylene and benzene at 200-400°F. and 
under 300-1000 psi pressure. 


U.S.P. 2,396,966. Hydrocarbon Conver- 
sion. H. J. Passino to The M. W. 
Kellogg Company. 

Polyalkyl aromatic hydrocarbons are 
converted to alkyl aromatic hydrocar- 
bons having a fewer nuimber of alkyl 
groups per molecule by contact with an 
aromatic hydrocarbon having at least 
two alkyl groups per molecule. fewer 
than the polyalkyl aromatic hydrocar: 
bon, in the presence of a hydrogen fluo- 
ride catalyst. 





CRACKING AND REFORMING 





U.S.P. 2,396,109. Treating Hydrocarbon 
Fluids. H. Z. Martin to Standard Oil 
Development Company. 

A process of catalytically converting 
relatively high-boiling hydrocarbons to 
lower-boiling hydrocarbons which com- 
prises mixing liquid hydrocarbons at a 
relatively low temperature with finely 
divided solid particles containing cata- 
lyst particles and at a temperature above 
conversion temperature to vaporize and 
raise the liquid hydrocarbons to conver- 
sion temperature, passing the mixture 
upwardly through a reaction zone at a 
relatively high velocity thereby main- 
taining at a relatively low density the 
mixture in the reaction zone, separating 
fouled solid and catalyst particles from 
vaporous reaction products leaving said 
reaction zone, stripping the separated 
fouled solid and catalyst particles to re- 
move volatile hydrocarbons, mixing a 
regenerating gas with. the fouled solid 
and catalyst particles and passing the 
mixture upwardly into a _ regeneration 
zone, maintaining a relatively low ve- 
locity of the regeneration gas so that 
the solid and catalyst particles are re- 
generated in a dense phase, withdraw- 
ing hot regenerated solid and catalyst 
particles from the lower portion of said 
regeneration zone and using them as 
the solid particles to be mixed with the 
relatively low-temperature liquid hydro- 
carbons in the first step of the process 
and withdrawing hot regeneration gases 
from the upper portion of said regen- 
eration zone. 


U.S.P. 2,396,285. Conversion of Hydro- 
carbons. A. G. Peterkin to Houdry 
Process Corporation. 

In order to subject high-boiling hy- 
drocarbons to catalytic cracking in the 
presence of catalysts which give best 
yields at temperatures below the dew 
point of the charge, the hydrocarbons 
are vaporized and sent as vapors at 
825-950°F. and at a high rate through 
a body of cracking catalyst. All prod- 
ucts of the primary cracking step are 
then sent through a larger mass of the 
catalytic materail maintained at a lower 
temperature (725-840°F.) at a lower 
feed rate to complete the conversion 
while avoiding condensation of the hy- 
drocarbons on the catalysts. 


U.S.P. 2,396, . ——— of Hydro- 
carbon Oils. G. Conolly to Stand- 
ard Oil at iets Company. 
Hydrocarbons are cracked in the pres- 

ence of a catalyst consisting of a major 

proportion of alumina and a minor pro- 
portoin (10-30 percent) of tungsten 

oxide. Higher gasoline yields and a 

larger proportion of aromatics are ob- 

tained than with catalysts in common 
tise. To prepare a suitable catalyst, alum- 
ina hydrogel is impregnated with a salt 
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HESE TWO unusually large special shaped, 

hot rolled Anaconda Muntz Metal Tube 
Plates were produced at The American Brass 
Company’s Detroit Branch. Each weighs 6,350 


lb., is 148” in longer dimension, and 139” wide. 


Through its various plants, this Company 
manufactures a widely diversified line of plates 
and circles for marine and stationary condensers, 
refinery and other process condensers and heat 


exchangers, feed water heaters and oil coolers. 


During the entire course of production, this 
material is subject to close technical supervision 
and control. Thus, Anaconda Plates and Circles 
are accurately alloyed, commercially flat, true to 
dimensions, readily machined, and unsurpassed 


in soundness and close-grained structure. 
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Anaconda Condenser Tube Sheets and Plates 
are made in several copper alloys in widths up 
to 157”, circular plates up to 160” diameter. 
When specifications call for extremely large 
plates for special applications, we will gladly 
cooperate in the solution of such problems... 


as evidenced by the plates illustrated above. «in 








COPPER & COPPER ALLOYS 


THE AMERICAN BRASS COMPANY 
General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


Iu Canada: ANACONDA AMERICAN PRASS LTD. 
New Toronto, Ont. 


















of tungsten which is then decomposed 
to the oxide. 


U.S.P. 2,396,709. Conversion of Fluid 
Reactants. F. W. Leffer to Universal 
Oil Products Company. 

A bed of subdivided solid contact ma- 
terial maintained in a reaction zone is 
kept in turbulant fluid-like condition by 
passing the fluid reactants and resulting 
vaporous and/or gaseous conversion 
products upwardly there through in 
contact with the solid particles at a net 
upward velocity greater than that of the 
latter, whereby the phenomena ‘known 
as “hindered settling” is obtained. 


U.S.P. 2,396,758. Catalytic Conversion 
of Hydrocarbon Oils. R. K. Stratford 
to Standard Oil Development Com- 
pany 
Hydrocarbon oil to be cracked is ad- 

mixed with a catalyst consisting of a 

mixture of an undried hydrous silica 

prepared from a metal silicate solution 
and a metal oxide active as a cracking 
catalyst in hydrous or non-hydrous 
form. Active suitable oxides are alum- 
ina, magnesia, boria, zirconia, etc. 

Cracking takes place at 1000-1200°F. and 

under at least 200 psi pressure. 





ISOMERIZATION 





U.S.P. 2,395,680. Isomerization of Light 
Naphtha. C. W. Nysewander and N. 
Fragen to Standard Oil Company 
(Indiana). 

Products obtained from an aluminum 
halide-hydrocarbon complex conversion 
system are removed from a relatively 
stationary column of liquid catalyst com- 
plex. Undissolved complex is separated 
at reaction temperature and pressure and 
the resulting clear products are cooled 
and passed to a settling zone at reduced 
pressure. Gas is removed from the top, 
precipitated catalyst from the bottom of 
the zone and products are introduced 
into a stripping zone where further 
amounts of gases are removed prior to 
neutralization and fractionation of the 
products. 


U.S.P. 2,396,723. Catalytic Conversion of 
Hydrocarbons. L. P. Scoville and J. 
A. Davies to The Texas Company. 
N-butane is charged to an isomeriza- 

, tion zone containing a metal halide cata- 

lyst and is contacted in liquid phase 

with the catalyst in the presence of a 

hydrogen chloride promoter. The efflu- 

ent is passed to a separation zone, 
where gaseous hydrocarbons are separ- 
ated from C, hydrocarbons and HCl. 

The C, hydrocarbons and HCl are 

passed to a fractionating zone, where a 

gaseous fraction rich in HC1 is removed 

and passed to an absorption zone. There 
it is contacted with a stream of liquid 
n-butane under conditions of tempera- 

ture and pressure to dissolve a a 

termined portion of HC1 in the butane 

which is then freed from unabsorbed 
gas and passed to the reaction zone. 


U.S.P. 2,396,853. Manufacture of Motor 
Fuel. J. P. Jones to Phililps Petro- 
leum Company. 

Low-boiling straight-chain paraffinic 
hydrocarbons are converted to hydro- 
carbons of high octane number, boiling 
in the motor-fuel range by a combina- 
tion of an alkylation step with a step 
for isomerizing certain fractions separ- 
ated from the effluent of the alkylation 


zone. 
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HYDROGENATION 
DEHYDROGENATION 
AROMATIZATION 





U.S.P. 2,395,875. Dehydrogenation of 
icine K. K. Kearby to Jasco, 
nc, 

A new dehydrogenation catalyst is de- 
scribed which contains magnesium oxide 
as a base material, iron oxide as an 
active ingredient and a small amount of 
a promoter consisting of an alkali.or an 
alkaline earth oxide. Hydrocarbons are 
dehydrogenated with this catalyst at 
1000-1600° F. 


U.S.P. 2,395,876. Chemical Process. K. 
K. Kearby to Standard Oil Develop- 
ment Company. 

Hydrocarbons are dehydrogenated by 
passing them in admixture with 12-50 
volumes of steam per volume of hydro- 
carbon over a catalyst prepared as de- 
scribed in U.S.P. 2,395,875. 


U.S.P. 2,396,058. Production of Buta- 
diene. W. J. Maddox to Universal Oil 
Products Company. 

Butadiene is obtained from a C, hy- 
drocarbon of higher hydrogen content 
by contacting the C, hydrocarbon at 
500-700°C. and under less than 0.25 at- 
mospheric pressure with a compound 
catalyst prepared by fusing hydrated 
aluminum sulfate with a chromium com- 
pound and dehydrating, calcining and 
reducing the compound mass after 
fusing. 


U.S.P. 2,396,416. Diolefin Preparation. 
F. E, Frey to Phillips Petroleum 
Company. 

The invention comprises preparing a 
concentrate rich in pentene-2, as for in- 
stance by separating pentene-2 from the 
products of the catalytic dehydrogena- 
tion of n-pentane, or refinery pentane, 
pentenes or other sources and subject- 
ing this concentrate to pyrolysis pre- 
ferably in the presence of diluents, such 
as steam and the like, at temperatures 
above 700°C., with the time of heating 
so regulated that excessive decomposi- 
tion of pentene-2 is avoided, recycling 
unconverted pentene-2, and recovering 
butadiene and pentadienes. 


U.S.P. 2,396,697. Conversion of Nor- 
mally Gaseous Hydrocarbons. E. 
Gorin to Socony-Vacuum Oil Com- 
pany. 

The pyrolysis of normally gaseous hy- 
drocarbons to produce aromatic and 
light unsaturated aliphatic hydrocarbons 
is carried out in the presence of a metal 
halide. Substantially lower temperatures 
compared to a strictly thermal process 
may be used to obtain at least equal 
yields, while higher yields than obtain- 
able by thermal pyrolysis may be ob- 
tained at the same temperature. The 
metal halides used are not catalysts since 
they are reduced bv the reaction. The 
metal halide and its reduction product 
must be fluid. Suitable halides are SnClh, 
PbCl or HgCl. They are used in 
amounts of 0.1-20 mol percent at 500- 
1200°C. , 


U.S.P. 2,396,761. Production of Aroma- 
tic Hydrocarbons. J. A. Tilton to 
Standard Oil Development Company. 
A naphthtenic petroleum fraction boil- 

ing between 200-350°F. is subjected to 

treatment with hydrogen at 900-1150°F. 
and under 50 atmospheric pressure in 

the presence of a catalyst comprising a 








major proportion of an oxide of a metal 
of the VIth group of the periodic sys- 
tem. Dehydrogenation of naphthenes oc- 
curs. A xylene fraction boiling above 
250°F. is recycled, while a fraction boil- 
ing between 200-250°F. is extracted with 
liquid SO, at — 20° to — 60°F. The ex- 
tract is treated with sulfuric acid to re- 
move olefins and naphthenes, and to- 
luene is recovered. 





REFINING 





U.S.P. 2,395,529. Preferential Absorp- 
tion of Hydrocarbons. M. R. Arnold 
to The Girdler Corporation. 
Butadiene is removed from a mixture 

of hydrocarbons by dissolving it in a 

copper-ammonium solution. Solution 

containing dissolved butadiene is sep- 
arated from the other hydrocarbons and 
the butadiene is then released from the 
solution. In order to prevent foaming 
and emulsification of the solution when 

reused, it is treated by contact with a 

liquid primary or secondary amine such 

as aniline prior to reuse. The amine 
will extract foam-forming compounds. 


U.S.P. 2,395,931. Method of Decoloriz- 
ing Hydrocarbon Oil. W. A. LaLande, 
Jr. to Porocel Corporation. 

An absorbent composition, insoluble 
in water and of use in decolorizing hy- 
drocarbon oils is prepared by reacting 
in aqueous solution an alkali metal alum- 
inate and 2 water-insoluble metal alumi- 
nate, in the presence of a compound 
vielding ammonium ions in aqueous so- 
lution. The product is washed with 
water and dried to a volatile matter 
content of from 10-30 percent by weight. 


U.S.P. 2,395,954. Recovery of Olefins 
and/or Diolefins from Hydrocarbon 
Mixtures Containing Same. N. K. 
Chaney to United Gas Improvement 
Company. 

Olefins and/or diolefins are separated 
from hydrocarbon mixtures by contact 
with a reagent comprising an intermix- 
ture of a solid inorganic basic substance 
(such as calcium oxide) and a solid 
monovalent salt of a metal selected 
from the group consisting of copper, 
mercury and silver (such as cuprous 
chloride). An association product is 
formed and decomposed to recover un- 
saturated hydrocarbons. 


U.S.P. 2,395,955, 2,395,956, 2,395,957, 2,- 
395,958, 2,395,959. Process for the Re- 
covery of Unsaturated Hydrocarbons 
from Mixtures Containing the Same. 
F. J.. Soday and F. W. Breuer to 
United Gas Improvement Company. 
The absorbent mixture used accord- 

ing to U.S.P. 2,395,954 is powdered so 

as to contain at least 85 percent of par- 
ticles, any axis of which is less than 

0.05 mm. in length. Less than 2 per- 

cent of water based on solid drv salt 

should be present. The cuprous chloride 
may contain not more than 5 percent by 
weight of an organic amine. 


U.S.P. 2,396,173. Process for Hydrocar- 
bon Conversion. K. H. Hachmuth to 
Phillips Petroleum Company. 
Residual metal halide contained in the 

effluent from a reaction zone employing 

a Friedel-Crafts type metal halide cata- 

lyst, is removed by contacting the efflu- 

ent with a hydrocarbon-metal halide 
sludge. Metal halides are absorbed in 
the sludge, leaving a clean effluent. 

When the capacity of the sludge to ab- 

sorb metal halides decreases, the sludge 
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o»- THAT MAKES 
STILL TUBE 
CLEANING 


FASTER 


BALL BEARINGS DO IT! 


A double ball thrust motor gives Elliott 1100 Series Cleaners the extra 
power and speed to do a better, faster cleaning job. 

No. 1 ball thrust bearing, in front, overcomes the friction caused 
by the pull of the self-feeding cutter head. 

No. 2 ball thrust bearing, in rear, takes out the rotor dies caused 
by the operator having to force the cleaner against heavy coke. 

Both bearings are lubricated by a special Elliott system which 
brings a mist of oil under pressure to the bearing surfaces. This means 
the front bearing too—an exclusive Elliott feature. 

Try Elliott 1100 Series on your next cleanout. Watcl them race 
through tubes clogged with the toughest, flintiest coke. Note the 
decrease in down time! 

Consult Elliott Engineers on your tube cleaning problems. 
Many refineries have profited by this help. Write for the latest 
technical bulletins. 
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is contacted with unsaturated hydro- 
carbons until the concentration of free 
metal halide in the sludge is diminished 
and it is again effective in absorbing 
metal halides. 


U.S.P. 2,396,299. Refining Hydrocarbon 
Oils. W. J. Sweeney, M. R. Fenske 
and G. H. Cummings to Standard Oil 
Development Company and Réhm & 
Haas Company. 

A process for separating a mineral 
oil into fractions of different chemical 
and physical properties is described 
which comprises extracting the oil in a 
first zone with a solvent comprising am- 
monia and at least one modifying sol- 
vent, removing solvent from the solvent 
phase, and extracting the oil so separ- 
ated from the solvent phase in a second 
extraction zone with liquid ammonia. 


U.S.P. 2,295,300, 2,396,301, 2,396,302. Re- 
fining of Mineral Oils. G. H. Cum- 
mings, M. R. Fenske and W. J. 
Sweeney to Standard Oil ~Develop- 
ment Company and Réhm & Haas 
Company. 

A diolefin is segregated from a mix- 
ture of diolefin and more saturated hy- 
drocarbons of similar boiling point by 
extracting the feed mixture with a sol- 
vent consisting of liquid ammonia and a 
minor proportion of a modifying sol- 
vent which is soluble in ammonia and 
reduces the dissolving capacity of liquid 
ammonia for the diolefiin. Water, gly- 
cols, low-molecular-weight diamines are 
suitable modifying agents. The concen- 
tration of hydrocarbons in the solvent 
extract phase is controlled to 5-30 per- 
cent by weight by the amount of modi- 
fying agent present in the ammonia 
Mono-olefins or naphthtenes can be sep- 
arated from hydrocarbon mixtures con- 
taining them by the same method. 


U.S.P. 2,396,303. Refining of Hydrocar- 
bon Oils. G. H. Cummings, W. J. 
Sweeney and M. R. Fenske to Stand- 
ard Oil Development Company and 
Réhm & Haas Company. 

An armoatic hydrocarbon such as 
toluene is segregated from a hydrocar- 
bon mixture containing constitutents 
with molecular weights of less than 
about 300 by extracting the mixture with 
a solvent consisting of liquid ammonia 
and a modifying agent such as water, 
ethylene glycol or a diamine. The tem- 
perature of extraction at the point where 
the solvent enters is 60-140°F., at the 
point where the solvent phase leaves 
— 20° to 20° F. The amount of hydro- 
carbon dissolved in the solvent is kept 
between 5 and 30 percent. 


U.S.P. 2,396,673. Petroleum Mahogany 
Sulphonic Products. M. Blumer to L. 
Sonneborn Sons, Inc. 

An acidified oil resulting from the acid 
treatment of a petroleum stock under 
conventional sulphonating conditions is 
thoroughly mixed with a suitable or- 
ganic solvent. Mahogany sulphonic acids, 
or their salts preferably in oil solution 
are recovered from the solvent layer. 


U.S.P. 2,396,744. Process of Preparing 
an Aluminum Soap from Spent Alumi- 
num Halide Catalyst and a Grease 
from Said Soap. A. J. Morway to 
Standard Oil Development Company. 
An AICh catalyst spent in a hydro- 

carbon conversion process and consist- 

ing of an aluminum chloride-hydrocar- 
bon complex is mixed with a high-mo- 
lecular-weight fatty acid and the mixture 
is heated to about 200°F. until evolu- 
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tion of HCI ceases. The resulant alumi- 
num soap is washed with water and 
dried. Grease is formed by dissolving 
the acid to be saponified in a lubricat- 
ing oil base stock. 


U.S.P. 2,396,859. Chemical Treatment. 
J. W. Latchum, Jr., to Phillips Petro- 
leum Company. 

The effluent from a reaction chamber 
in which catalysts of the metal halide 
type are being used is purified by treat- 
ment (preferably immediately following 
the catalyst chamber) with a liquid phos- 
phoric acid. Metal halide is completely 
removed from the effluent as is non- 
hydrocarbon organic material such as 
metal halide-hydrocarbon complex. 





POLYMERIZATION AND 
CONVERSION 





U.S.P. 2,395,806. Refining Hydrocarbons. 
Du Bois Eastman to The Texas Com- 
pany. 

Naphtha stock is rapidly raised to a 
temperature of 900°F. and is passed 
through a bed of absorptive clay such 
as fuller’s earth at a space velocity of 
about 5-15 volumes of feed per hour per 
volume of clay. Conversion of sulphur 
compounds to hydrogen sulphide, iso- 
merization of olefins and other reactions 
increasing anti-knock quality and lead 
response occur. 


U.S.P. 2,395,901. Manufacture of Poly- 
mers. E. V. Murphree, W. W. Water- 
man and A. D. Green to Jasco, Inc. 
In the process of preparing high- 

molecular-weight polymers by polymer- 

izing an olefin in a diluent at a tem- 
perature below about — 40°C. in con- 
tact with a Friedel-Crafts type catalyst 
to form a slurry of solid polymer par- 
ticles in cold reaction liquid, separating 
the solid polymer particles from the 
cold reaction liquid at substantially the 
reaction temperature and returning the 
latter to the reaction, the improvement 
is claimed which comprises transferring 

the separated polymer particles to a 

flashing zone, concurrently with a stream 

of sealing gas sufficient to prevent back- 
ing up of flashed gas into cold equip- 
ment, 


U.S.P. 2,396,331. Conversion of Naph- 
thene Hydrocarbons. R. F. Marschner 
to Standard Oil Company (Indiana). 
A naphthenic light naphtha is frac- 

tionated to give a charge stock contain- 

ing about 10-40 percent by weight of 

C. naphthenes, less than 3 percent of 

aromatics and the balance paraffins. The 

charge stock is contacted with an alum- 
inum halide catalyst in the presence of 

an hydrogen halide promoter at 200- 

350°F. and under a pressure of 150-1500 

psi. Substantial conversion of C. naph- 

thenes to methylcyclohexane and lower- 
molecular-weight branched-chain paraf- 
fins is obtained. 


U.S.P. 2,396,677. Process for Polymeriz- 
ing Olefinic Materials. M. M. Bru- 
baker to E. I. du Pont de Nemours 
& Company. 

Ethylene alone or in admixture with 
at least one other polymerizable organic 
compound may be polymerized by sub- 
jection in the presence of a polymeriza- 
tion catalyst and of water, but in the 
absence of dispersing agents, to elevated 
temperatures and pressure. An organic 
peroxide catalyst is employed and con- 
ditions of 300 atmospheric pressure and 
50-250°C. are suitable. 








U.S.P. 2,396,753. Polymerization of Hy- 
drocarbons. R. Rosen and O. C. Shot- 
terbeck to Standard Oil Development 
Company. 

A CG refinery cut containing a sub- 
stantial portion of isobutylene is poly- 
merized to a product containing a major 
proportion of the trimer by absorbing 
the C, cut in a 75-80 percent aqueous 
sulfuric acid solution at about 0°C., heat- 
ing the extract to 60-80°C. for between 
30 and 120 minutes in the presence of 
added disobutylene and separating poly- 
mer from the acid. 


U.S.P. 2,396,791. Process for the ‘Prep- 
aration of Ethylene Polymers. N. W. 
Krase and A. E. Lawrence to E. I. du 
Pont de Nemours & Company. 


Normally semi-solid to solid polymers 
of ethylene are prepared in the presence 
of a catalyst consisting of peroxy com- 
pounds and molecular oxygen, by poly- 
merizing ethylene at 40-400°C. and un- 
der 800-4000 atmospheric pressure. Prod- 
uct is continuously discharged from the 
reactor and the pressure on the dis- 
charged reaction mixture dropped to 
150-500 atmospheric. Gas is withdrawn 
from semi-solid and solid products, re- 
compressed and recycled. The pressure 
on the semi-solid and solid products is 
then dropped to atmospheric and gas 
from the last depressuring step is also 
recompressed and recycled. 


U.S.P. 2,396,900. Utilization of Hydro- 
carbons. M. S. Taggart, Jr. to Stand- 
ard Oil Development Company. 

A method for converting normally 
gaheous paraffinic hydrocarbons into oxy- 
genated organic compounds which com- 
prises contacting the hydrocarbons in 
the presence of oxygen with an aqueous 
solution of plant food inocculated with 
hydrocarbon-consuming bacteria of the 
group consisting of Bacillus methanicus 
and Bacillus ethanicas and recovering 
from the aqueous solution conversion 
products of the. hydrocarbons. 


U.S.P. 2,396,920. Ethylene Polymeriza- 
tion Process. A. T. Larson to E. 
du Pont de Nemours & Company. 
The polymerization of ethylene with 

a peroxy compound catalyst is carried 

out in the presence of from 0-50 part 

per million of molecular oxvgen at a 

temperature of from 40-350°C. and un- 

der 300 to 1500 atmospheric pressure at 

a pH of 3.5-6. Intimate contact be- 

tween the ethylene and a deoxygenated 

aqueous medium is maintained. 





CATALYST PREPARATION 
ACTIVATION AND REGENERATION 





U.S.P. 2,395,836. Catalyst Manufacture. 
J. R. Bates to Houdry Process Cor- 
poration. 

Mixed hydrogels are prepared by the 
precipitation of alumina and molybde- 
num, chromium or vanadium oxides in 
the presence of volatile salts (such as 
ammonium salts). The hydrogels are 
dried, mixed with a hydrogel contain- 
ing silica and alumina and calcined to 
drive off occluded volatile salts. 


U.S.P. 2,396,157. Catalvst Regeneration. 
W. F. Clausen to The Texas Com- 
pany. 

Solid catalyst containing carbonaceous 
deposits are regenerated by passage of 
a gas stream containg free oxygen and 
from 0.001-0.1 volume percent of iodine 
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HEAT AND CORROSION RESISTING 
| CASTINGS 


Midvaloy 18-8 is one of the oldest and best known cast stainless steels. Its 
applications are wider and more varied than those of all other compositions of 
corrosion resistant alloys. Melted in induction furnaces to exacting compositions. 


The Midvaloy family of 18-8 — 


Midvaloy Chrome 
1808-7 18 
1808-10 18 
1808-16 18 
1808-20 18 
1808-7-Se 18 
1808-7-Cb 18 
1808-7-Mo 18 
1808-10-Mo 18 
1808-16-Mo 18 


THE MIDVALE COMPANY + NICETOWN + PHILADELPHIA 


OFFICES: 


WASHINGTON 


One of eight plants to retain 
original Navy “E”’ 
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Molybdenum 
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BY. we needed them for use with 
Yarway Steam Equipment and 
couldn’t find any to suit us. 

So we designed the YARWAY Strainer. 
Apparently a lot of other people were 
having “Strainer trouble” because, with- 
out a line of advertising, the Yarway 
Strainers purchased in a few years now 
number many thousands. 





Why don’t you look into this better 
Strainer for your money? Buy one from 
your supply house (over 100 Mill Sup- 
ply Houses now have them). 

Cadmium Plated for protection against 
corrosion and for better appearance. 
Examine its high grade Monel woven 
wire screen that stops dirt—lets con- 
densate or other fluids flow freely. 








Notice the removable blow-off bush- 
ing. Screen and bushing come out to- 
gether—go back together, automati- 
cally aligning. 

Six standard sizes from 14" to 2” for 
pressures to 600 Ib. 





See your Mili Supply House 
or write for Bulletin S-201 


YARNALL-WARING COMPANY 
128 Mermaid Ave. = PHILADELPHIA 18, PA. 






YAR WAY STRAINERS 












over the catalyst, removing all heat of 
combustion as sensible heat of the gas, 
and not permitting the temperature to 
exceed 1200°F. 





DESULFURIZATION 





U.S.P. 2,395,509. Gas Purification Proc- 
ess. J. A. Shaw to Koppers Company. 
A process for removing sulfur com- 

pounds from a fluid is described which 
comprises -contacting the fluid with an 
amine-containing. medium to form an 
amine-sulfur complex. Morpholine is a 
suitable agent. The purified fluid is sep- 
arated from the medium and the amine- 
sulfur complex is extracted from the 
latter with a solvent or with an alkali 
solution, Fresh amine is added to the 
medium before recycling. 





HEAVY OILS AND WAXES 





U.S.P. 2,395,627. Preparation of Soluble 
Oil. H. L. Johnson and J. H. Perrine 
to Sun Oil Company. 

A soluble. oil is produced by liquid- 
phase oxidation of a_petroleum fraction 
of lub oil consistency and containing 
naphthenic constituents, saponification 
of the oxidation product, deoiling of the 
saponified material, fractional acidifica- 
tion of the product, water washing, 
saponification of the washed acidic frac- 
tion and compounding of soluble oil. 


U.S.P. 2,396,719. Lubricants. J. H. Mus- 
. selman and H. P. Lankelma to The 
Standard Oil Company (Ohio). 
Products suitable as lubricants and as 
addition agents for lub oils are produced 
by reacting phosphorus pentasulfide with 
an alcohol at 100-200°C. Thiophosphate 
formation is prevented. Suitable alcohols 
are e.g. lauryl-, octyl-, benzyl-, hexyl 
alcohol, terpineol, cholesterol, etc. 


U.S.P. 2,396,839. Lubricating Composi- 
tion. E. A. Evans and J. S. Elliott. 
The lubricating composition described 

comprises a lub oil base in which there 
is dispersed a small proportion of an 
organic compound consisting of an or- 
ganic ester containing trivalent phos- 
phorus derived from a hydroxy-substi- 
tuted aromatic compound containing 
aromatic radicals coupled through sul- 
fur. 


_ Instrument Conference 


To Be Held in September 


Plans have been completed for the 


| first National Instrumentation Confer- 


ence and Exhibit to be held in the Wm. 
Penn Hotel, Pittsburgh from September 
16 to 20. Sponsored by The Instrument 
Society of America, it originally was 
planned for the corresponding week in 
1945 but was changed becausé of trans- 
portation demands at that time. 

The instrument conference held in 


| conjunction with the exhibit will include 








daily technical sessions. Several other 
societies are planning instrumentation 
programs in Pittsburgh at that time. 

A feature of the technical program 
will be a séries of educational short 
courses which will be directed by Dr. 

R. Teare, professor in charge ol! 
electrical engineering at Carnegie In- 
stitute of Technology. Dr. Teare is 
chairman of the educational committee 
of The Instrument Society of America. 
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... For Double Corrosion and 


Contamination Prevention 


In refrigeration, chemical and processing 
industries, food manufacture, petro-chemical 
processing and petroleum refining, complex 
problems of corrosion and product contamina- 
tion are often encountered in heat exchangers 
and other equipment. For example, in cooling 
hydrocarbon vapors, Duplex Tubing—steel to 
the oil vapor side and copper to the fresh water 
side—is being successfully used. Where product 
contamination involves color or taste, Duplex 
Tubing—copper-base alloy in combination with 
aluminum—has solved some problems. 


In ammonia refrigeration systems and in the 
manufacture of ammonia compounds, steel tub- 
ing has been replaced in some instances by 
Duplex Tubing—a copper-base alloy to the 
water or brine side, steel to the ammonia. This 













has resulted in longer service life and improved 
heat transfer properties. 


Duplex Tubing is available in such combina- 
tions as Bridgeport Admiralty, Muntz, Cupro 
Nickel, Cuzinal, or Duronze IV* with steel, 
stainless, monel, or aluminum. Consult with our 
Technical Service Department regarding your 
double corrosion or corrosion and product 
contamination problems. We shall be very glad 
to work with you to find the most satisfactory 
answers. 


Write today on company stationery for your 
copy of the Duplex Tubing Technical Bulletin. 


, BRIDGEPORT BRASS COMPANY 
BRIDGEPORT 2,CONN. + Established 1865 
*U. S. Patent No. 2,093,380 
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ON ISOMERIZATION OF HYDROCARBONS V 








U.S.P. 2,374,933. Method of Forming 
Chemical Mixtures. C. T. Harding to 
Standard Oil Development Company. 
Chlorine is mixed with a concentrated 

aqueous solution of HCI and the mix- 

ture thus formed is contacted with a bu- 

tane feed. The HCI solution is separated 
from the butane which is then subjected 
to isomerization conditions in the pres- 


ence of AlCls. 


U.S.P. 2,375,024. Isomerization of Poly- 
Olefinic Hydrocarbons. R. C. Morris 
and J. L. VanWinkle to Shell Devel- 
opment Company. 
4-methyl pentadiene- 1,3 and its homo- 

logues may be isomerized to 2- methyl 

pentadiene- 1,3 by contact with liquid 

SO, in a molar ratio of at least 4 mols of 

SO: per mol of methyl pentadiene at 

100°C. and under a pressure of between 

100-500 psi 


U.S.P. 2,375,321. Process for Isomeriz- 
ing Paraffin Hydrocarbons Using an 
Aluminum Halide-Hydrocarbon Com- 
plex Catalyst. C. W. Nysewander and 
N. Fragen to Standard Oil Company 
(Indiana). 

A portion of a paraffinic hydrocarbon 
feed is contacted with ‘a fresh liquid 
AlCl-hydrocarbon complex and an ef- 
fective amount of hydrogen chloride 
promoter at 300-400°F. to form a highly 
active catalyst. The main portion of the 
hydrocarbon feed is first contactéd with 
partially spent catalyst complex in a 
first reaction step at a high temperature 
(300-400°F.) and is then contacted with 
higher activity catalyst at a lower tem- 
perature (200-300°F.) in a second zone. 
The catalyst from the second zone re- 
places the catalyst in the first zone when 
the latter gets spent. 


U.S.P. 2,376,509. Catalytic Isomerization. 
A. N. Sachanen and P. D. Caesar to 
Socony-Vacuum Oil Company. 
Normal paraffins are isomerized in 

the presence of a catalyst of the Friedel- 

Crafts type and in the presence of tri- 

chloracetic acid comprising about 30 

percent of the catalyst by weight. 


U.S.P. 2,377,352. Isomerization of Nor- 
mal Butene. W. J. Mattox to Univer- 
sal Oil Products Company. 

Butene-l is converted to butene-2 at 
275-600°C. and atmospheric to 500 psi 
pressure by the action of magnesium 
fluoride. The catalyst can be prepared by 
pilling or pelleting a mixture of MgF; 
and an inert support such as pumice or 
quartz and removing lubricants by cal- 
cination, 


U.S.P. 2,378,728. Isomerization of Hy- 
drocarbons. W. W. Roach to Phillips 
Petroleum Company. 

Normal paraffins are isomerized in a 
vertical catalyst reaction chamber. An 
open circulation tube is centrally dis- 
posed in the reaction chamber extending 
from the lower to the upper zone. The 
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AICls or other solid catalyst is disposed 
in the central zone in the annular space 
formed by the circulation tube and the 
walls of the chamber, The lower portion 
of the circulation tube is enlarged and a 


heating coil disposed therein. In the 
lower zone liquid hydrocarbons are 
maintained and vaporized, generating 


gas which lifts liquid hydrocarbons to 
the upper zone, from where they flow 
by gravity through the center catalyst 
zone back into the lower zone. 


U.S.P. 2,378,733. Catalytic Conversion of 
Hydrocarbons. E. E. Sensel to The 
Texas Company. 

The invention has application to con- 
version processes employing as the cat- 
alyst a liquid mixture composed of me- 
tallic halide contained or suspended in 
metallic halide-hydrocarbon complex 
liquid. A body of complex liquid sub- 
stantially denuded of free metallic halide 
and hydrogen halide is used to scrub 
the hydrocarbon reaction products with- 
drawn from the reaction zone, so as to 
absorb metallic halide and hydrogen 
halide dissolved in the effluent hydro- 
carbons. 


U.S.P. 2,378,734. Catalytic Conversion of 
Hydrocarbons. W. Kiersted, Jr. to 
The Texas Company. 

Hydrocarbons are isomerized in the 
presence of an AICI; catalyst under con- 
ditions such that a metallic halide-hy- 
drocarbon complex is formed in rela- 
tively small amounts. The reaction is 
carried out in a packed tower wherein a 
stream of feed hydrocarbons in vapor 
phase is caused to rise through the tower 
countercurrently to and in direct con- 
tact with a liquid comprising AICls dis- 
solved in hydrocarbons and in AICl,- 
hydrocarbon complex. 


U.S.P. 2,378,685. Isomerization Process. 
S. C. Carney to Phillips Petroleum 
Company. 

Normal butane (or another n-paraffin) 
and a hydrogen halide promoter, at 
least partly in vapor form are contin- 
uously intrc duced into a reaction zone 
in which liquid-vapor phase is main- 
tained in such a manner that automatic 
liquid circulation is effected by reason 
of the gas-lifting action of the vapor so 


introduced. Conversion of n-butane to 
i-butane takes place in this reaction 
zone. 


U.S.P. 2,378,782. Paraffin Isomerization 
Process. R. B. Mason to Standard Oil 
Development Company. 

Normal paraffins are contacted with 
solid AICI; in the presence of a halogen- 
containing promoter under isomerization 
conditions (20-175° F.). The effluent 


from the zone, consisting of reaction 
products, charge materials and some dis- 
solved AICI; is subjected to an increased 
temperature (25-200°F.) for a _ period 
about 20-25 percent of that maintained 
in the reaction zone in order to untilize 
the activity of the dissolved AICls. 


U.S.P. 2,379,731.. Olefin Isomerization 
Process. S. H. McAllister to Shell De- 
velopment Company. 

A mixture of butylenes and butanes is 
extracted with sulfuric acid of 70 per- 
cent concentration to remove isobutyl- 
ene. The remainder is then intimately 
mixed with about 0.3-1.5 volumes of sul- 
furic acid (70-75 percent) per volume of 
liquid hydrocarbon and treated at 170- 
180°F. for about 5 to 30 minutes. The 
effluent from the treating zone in sepa- 
rated into a 8-butylene containing hy- 
drocarbon phase and an acid phase. The 
latter is heated under vacuum to remove 
8-butylene. 


U.S.P. 2,381,434. Process of Isomeriza- 
tion. R. E. Burck and H. P. Lankelma 
to Standard Oil Company of Ohio. 


Hexanes contained in a naphtha are 
isomerized in the presence of a catalyst 
consisting of not over 15 mol percent 
(based on the naphtha) of an aluminum 
halide and hydrogen halide at a temper- 
ature of from not above O°C. down to 


—30°C. 


U.S.P. 2,381,439. Hydrocarbon Conver- 
sion. E. L. d’Ouville and B. L. Ever- 
eing to Standard Oil Company (In- 
diana). 

In a process for isomerizing paraffin 
hydrocarbons of the butane to hexane 
boiling range by means of a liquid alu- 
minum chloride - hydrocarbon complex 
catalyst wherein the activity of the cata- 
lyst in a reaction zone is maintained by 
the addition of make-up aluminum chlo- 
ride thereto, the method of operation 
which comprises maintaining a mass 
of aluminum chloride-hydrocarbon com- 
plex in said reaction zone up to a 
high level which is spaced from the 
top of said zone, heating a portion or 
a charging stock consisting chiefly of 
paraffin hydrocarbons of the butane 
to hexane boiling range in the ab- 
sence of hydrogen chloride to a tem- 
perature within the approximate range 


of 200° to 300° F. and passing the 
heated portion through a mass of 
solid aluminum chloride for dissolv- 
ing a regulated amount of aluminum 


chloride, absorbing hydrogen chloride in 
another portion of said charging stock 
and heating said other portion to an iso- 
merization temperature below 300°F., 
introducing both portions of said charg- 
ing stock into said mass of complex cat- 
alyst and passing said charging stock 
upwardly through said mass under iso- 
merization conditions at a temperature 
below 200°F., separating hydrocarbons 
from complex in the upper part of said 
zone, removing hydrocarbons from said 
zone at a point above the level of the 
complex mass of catalyst therein, sep- 
arating catalyst material and hydrogen 
chloride from the removed hydrocar- 
bons, recycling separated hydrogen 
chloride without contacting it with said 
solid aluminum chloride, and introduc- 
ing an amount of aluminum chloride by 





Petroleum Refiner—V ol. 25, No. 5 















HIGH TUBE WALL TEMPERATURE 


t2 


oi ip = 
Ne 












Condenser Tube. 
Tube Alloy. (The first of a series of 
tube 


Sor Heat Exchanger 





discussions on selection 





presented by Scovill engineers): 


The chemical reactions affecting 
corrosion of condenser tubes are 
accelerated by increased tempera- 
ture. Chémical corrosion, which may 
have a negligible effect on condenser 
tube life with the circulating water at 
32°F. and clean tubes, assumes major 
proportions when thecirculating water 
temperature reaches 80°F. and the 
tube wall temperature is further ele- 
vated by the presence of a heavy in- 
ternal scale which retards heat trans- 
fer from the tube wall to the cooling 
* medium. _ 


In actual operating conditions, 
where the tube wall temperature is 
only one of the variables, tube life 
depends on the nature and/or extent 


of such other factors as: 


Velocity and turbulence of coolant 
. Dissolved or entrained air or 


wastes present... Development of 
protective film .. . Media surround- 
ing tubes. 


One of the principal objects of 
Condenser Tube Technical Research 
has been the development of alloys 
designed to give the user longest tube 
life and most. trouble-free service. 
Depending on: other conditions en- 
countered, Phosphorized Admiralty 
is a satisfactory alloy for tempera- 
tures up to about 480°F. and Cupro- 
Nickel for temperatures up to 570°F. | 


The conditions surrounding any 
given condenser tube application are 


so many and varied, that each in- - 


stallation must be treated as an in- 


_ dividual problem. 


Scovill has made or is making ex- 
tensive studies of condenser and heat 
exchanger tube service conditions for _ 


gases... Chemical composition of | every known application, and offers 
coolant ... Chemical or electro- the facilities of its Technical Service 
chemical actions ... Marine growths | Department to aid in the selection of . 
or other deposits... Sewage and 
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Scovill Manufacturing Company, 15 Mill Street, Waterbury 91, 


May, 1946—A Gulf Publishing Company Publication, 


suitable tube alloys to meet specific. 





me 
Connecticut. 








Export Department: 


service conditions, in an existing or 
proposed installation. 
THREE SCOVILL SERVICES 
Scovill’s Service in Men offers 
specialized consultation on individual 
tube application problems and sug- 


gestions regarding alloy selection and 


tube installation practice. Service in 
Metals includes the production of a 


broad range of tube alloys under 


laboratory control, which verifies 
that Scovill alloys conform to 
specifications. Service in Man- 
uals consists of literature provid- 
‘ing the latest, most authentic in- 
formation on condenser Sastry heat exe" 
changer tubes, 
which has its | 
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said solution step to provide an over-all 
make-up of more than .1 but less, than 
4 pounds of aluminum chloride per bar- 
rel of stock charged. 


U.S.P. 2,382,445-2,382,446. Cycloparaffin 
Production. W. E. Ross and P. Pez- 
zaglia to Shell Development Company. 


Methylcyclopentane is isomerized. to 
cyclohexane by subjecting it at 70-100° 
C. to countercurrent contact with a 
hydrocarbon-AlICl, complex in the pres- 


ence of added hydrogen chloride. 


U.S.P. 2,382,881. Isomerizatian of Sat- 
urated Hydrocarbons. V. N. Ipatieff 
and H. Pines to Universal Oil. Prod- 
ucts Company. 

Paraffins are isomerized in the pres- 
ence of hydrogen halide with a catalyst 
comprising a mixture of an aluminum 
halide and zirconium halide which has 
been brought to a state of fusion prior 
to its use. The reaction takes place at 


20-300° C. 


U.S.P. 2,383,815. Hydrocarbon Conver- 
sion System. M. Sutton and C. W. 
Nysewander to Standard Oil Com- 
pany (Indiana). 

Hydrogen chloride is removed from 
the effluent stream from an isomeriza- 
tion zone by stripping with hydrogen. 


U.S.P. 2,385,806. Catalytic Cracking-Iso- 
merization-Alkylation Process. A. L. 
Foster to Phillips Petroleum Company. 
Petroleum hydrocarbons are subjected 

to catalytic cracking in the presence of 
metal halide catalysts. A portion of the 
C.-C, paraffin hydrocarbons formed is 
isomerized and the resulting isoparaffins 
are alkylated with low-molecular-weight 
olefins. The same metal-halide catalyst 
is used in the isomerization, alkylation 
and cracking reactions under increas- 
ingly severe conditions. 


U.S.P. 2,386,468. Process for Isomeriz- 
ing Normal Butenes to Isobutene. 
V. N. Ipatieff and R. F. Schaad to 
Universal Oil Products Company. 
Normal butenes are converted to iso- 

butene by contact at temperatures of 
600-1000° F. under substantially atmos- 
pheric of superatmospheric pressure with 
acid-activated bleaching clays compris- 
ing Tonsil, floridin, etc. Contact times 
of 0.1-4 seconds are employed. 


U.S.P. 2,386,784. Isomerization. N. 


Fragen to Standard Oil Company 
(Indiana). 
Normal butane is isomerized in the 


presence of a liquid AICl,-hydrocarbon 
complex and of hydrogen chloride and 
in the absence of added hydrogen. The 
effluent containing isobutane and HCl 
is contacted with a relatively low-octane- 
number paraffin hydrocarbon of the 
pentane-hexane boiling range in the 
presence of an AlCl-hydrocarbon com- 
plex and in the presence of added hy- 
drogen. Partially spent catalyst from the 
first step is used in the second step. 


U.S.P. 2,386,934. Isomerization of Ole- 
fins. P. L. Cramer to General Motors 
Corporation. 

Branched-chain olefins having the 
double bond adjacent to the branch can 
be isomerized under shifting of the 
double bond in the presence of aqueous 
HCl as a catalyst. Reaction tempera- 
tures of 100-200° C. and HCl of 20-37 


“percent concentration are employed. 
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U.S.P. 2,387,508. Conversion of Hydro- 
carbon Oils. A. R. Goldsby to The 
Texas Company. 

A combination isomerization and 
cracking or reforming process is de- 
scribed. In the first step, virgin naphtha 
stock is isomerized in the presence of a 
metal-halide catalyst (5-20 percent by 
weight of the oil used) and a hydrogen- 
halide promoter (0.5-3 percent) at 200- 
275° F. The isomerized product is then 
subjected to cracking. 


U.S.P. 2,387,541. Process for Carrying 
Out Isomerization Reactions. W. J. 
Sweeney to Standard Oil Develop- 
ment Company. 

A process which comprises contacting 

a normal paraffin containing at least 
4 C atoms per mol with an aluminum- 
halide catalyst mass arranged in the 
form of a bed of solid catalyst under 
conditions of temperature and pressure 
such as to effect a simultaneous iso- 
merization and distillation of isomerized 
products from the catalyst bed under the 
isomerization conditions obtained, while 
separately and independently removing 
both high-boiling and low-boiling de- 
gradation products from the catalyst 
mass substantially as formed and sup- 
plying heat for distillation and isomeri- 
zation to the reactants condensing and 
flowing from the catalyst mass by re- 
heating at least a portion of the high- 
boiling products at a point removed 
from the catalyst mass and recycling 
said reheated portion. 


U.S.P. 2,387,868. Process for the Iso- 
merization of Hydrocarbons. J. An- 
derson, S. H. McAllister and W. E. 
Ross to Shell Development Company. 
Normal paraffins are isomerized in 

the substantial absence of olefins in the 

presence of a liquid catalyst comprising 
from about 76-97 mol portions of anti- 
mony trichloride and 3-24 mol portions 
of AICl, and hydrogen chloride. The 
reaction is carried out below 200° C. at 

a temperature at which the catalyst is 

in the molten state. 


U.S.P. 2,387,994. Isomerization of 1- 
Olefins to 2-Olefins. J. C. Hillyer to 
Phillips Petroleum Company. 
1-Olefins are isomerized to 2-olefins 

at 220-400° F. and under a pressure of 
1-50 psi in the presence of phosphoric 
acid retained on a solid inert carrier 
in an aqueous solution having an acid 
concentration of 50-80 percent by weight. 
The acid concentration of the isomeriza- 
tion catalyst may readily be controlled 
at the desired level by adding to the 
hydrocarbon vapor stream ahead of the 
catalyst a controlled quantity of water 
vapor, usually a proportion equivalent 
to the partial pressure of water vapor 
over the acid solution at the operating 
temperature. 


U.S.P. 2,388,081. Catalytic Isomerization 
of Hydrocarbons. A. FE. Robertson to 
Standard Oil Development Company. 
Straight-chain paraffins which have 

ben subjected to sufficient pressure to 

maintain them in liquid phase are con- 
ducted continuously into a still pot 
where they are contacted with a suitable 
isomerization catalyst, e.g. the halides 
of certain metals of group III of the 
periodic system either with or without 
small amounts of promoters such as 
water, the hydrogen halides, etc. Alter- 
natively the normal paraffins may be fed 
into a fractionating column whose re- 
boiler contains the isomerization catalyst. 





U.S.P. 2,388,510. Olefin Conversion. H. 
V. Voge to Shell Development Com- 
pany. 

Butene-1 is isomerized to butene-2 in 
the presence of a catalyst consisting of 
bauxite which has been activated at 500- 
800° C. The reaction is carried out at 
300-375° C. and at a liquid space velocity 
of 10-150 vol/vol/hr. According to an 
example, a mixture of butenes is first 
passed over bauxite under isomerization 
conditions to convert butene-1 to bu- 
tene-2, the butene-2 is separated and the 
remainder, consisting largely of iso- 
butylene is passed over alumina at 450- 
550° C. at 1-10 vol/vol/hr. to isomerize 
isobutylene to n-butenes. 


U.S.P. 2,388,932. Continuous Isomeriza- 
tion Process. H. J. Ogarzaly to Stand- 
ard Oil Development Company. 
Normal paraffins together with hydro- 

gen halide are passed upward through a 

column of AICI; sorbed: on partially 

dehydrated bauxite to effect isomeriza- 
tion as the principal reaction. The cata- 
lyst mass is formed and maintained by 
introducing AICl; vapors in a stream of 
hydrocarbons into the bauxite at a point 


from about % to % of the column 
height from its bottom in sufficient 
amount to produce an active catalyst 


without having substantial quantities of 
unabsorbed AICI; present. 


U.S.P. 2,389,250. Isomerization. A. W. 
Francis and W. H. James to Socony- 
Vacuum Oil Company. 

Paraffin hydrocarbons are isomerized 
by contact with a liquid catalyst con- 
sisting of anhydrous AIC], substantially 
completely dissolved in not more than 
an equimolecular proportion of an inert 
solvent at a temperature above the melt- 
ing point of the solution. 


U.S.P. 2,389,406. Production of Olefinic 
Hydrocarbons. H. S. Bloch and R. E. 
Schaad to Universal Oil Products 
Company. 

Normal butane is converted into sub- 
stantial yields of isobutene and normal 
butenes by subjecting it at 900-1100° F. 
to the simultaneous action of a dehydro- 
genating catalyst and an isomerization 
catalyst. The dehydrogenating catalyst 
comprises alumina and an oxide of an 
element selected from the left-hand col- 
umn of groups V and VI of the periodic 
system, the isomerization catalyst com- 
prises silica, alumina and thoria. 


U.S.P. 2,389,651. Process for Catalyti- 
cally Converting Hydrocarbons by the 
Action of Liquid Aluminum Halide 
Hydrocarbon Complex. L. R. Strawn 
to The Texas Company. 

Feed hydrocarbons in a highly dis- 
persed state are passed thorough a com- 
paratively stationary column of catalyst 
upwardly in an unpacked tower con- 
taining a column of liquid catalyst of 
substantial depth, the hydrocarbon rising 
through the body of catalyst by differ- 
ence in density. 


U.S.P. 2,389,659. Processing Hydrocar- 
bons. E. W. M. Fawcett and E. Syl- 
vester Narracott to Anglo-Iranian Oil 
Company, Ltd. 

Paraffins containing at least 4 c atoms 
per mol are isomerized in the vapor 
phase at 50-300° C. and under super- 
atmospheric pressure in contact with 
granular AICI; and HCI and in the added 
presence of a promoter consisting of an 
alkyl mercaptan. 
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